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(54) [Title of the Invention] Novel optical resin 

(57) [Abstract] 

[Object] 

To provide a polymerizable composition which exhibits excellent 
impact resistance and tint performance while the refractive index and the 
Abbe number are maintained at high values. 
[Means to achieve the object] 

A polymerizable composition which comprises compound (a) having 
a structure represented by the following formula (l)- 
[Formula l] 
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— S — Ri— C — C— R4 

X (1) 
(in the formula, Ri represents a divalent hydi'ocarbon gi'oup haxing 1 to 
10 carbon atoms, R2, R3 and R4 each represent a hydrocarbon g^*oup 
having 1 to 10 carbon atoms, X represents S or O and a number of S per a 
total number of S and O which constitute the three membered ring is 50% 
or greater in average), compound (b) having one or more NCO gi-oups 
and/or NCS gi-oups per one molecule and compound (c) having one or more 
active hydrogen groups in amounts such that a ratio of a total amount by 
mole of NCO gi*oup and NCS gi'oup in compound (b) to a total amovmt by 
mole of episuifide group and epoxy gi-oup in compound (a) is 0.001 to 2 and 
a ratio of a total amount by mole of the active hydiogen group in 
compound (c) to a total amount by mole of NCO group and NCS group in 
compound (b) is 0,1 to 10. 
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[Claims] 

[Claim l] A polymerizable composition which comprises compound (a) 
having a structure represented by the following formula (l)- 
[Formula l] 

Rt R-i 

I 2 I 3 

S Rj C C R4 

X (1) 
(in the formula, represents a divalent hydi'ocarbon gi'oup having 1 to 
10 carbon atoms, R2, R3 and R4 each represent a hydrocarbon group 
having 1 to 10 carbon atoms, X represents S or O and a number of S per a 
total number of S and O which constitute the three-membered ring is 50% 
or gi-eater in average), compound (b) ha\dng one or more NCO groups 
and/or NCS groups per one molecule and compound (c) having one or more 
active hydrogen gi-oups in amounts such that a ratio of a total amount by 
mole of NCO group and NCS group in compound (b) to a total amount by 
mole of episulfide group and epoxy group in compound (a) is 0.001 to 2 and 
a ratio of a total amount by mole of the active hydrogen group in 
compound (c) to a total amount by mole of NCO group and NCS group in 
compound (b) is 0.1 to 10. 

[Claim 2] A polymeiizable composition according to Claim 1, wherein 
compound (a) is represented by the following formula (2): 
[Formula 2] 



Rfi R7 Ro Rn 

C — C-CH,S[(Y),„S]„CH, -C — C-Rio 

X X (2) 
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G^n the formula, R5 to R^q ^^^^ represent a hydrocarbon group having 1 to 
10 carbon atoms or hydrogen atom, X represents S or O, a number of S per 
a total number of S and O which constitute the three-membered ring is 
50% or greater in average, Y represents a substituted or unsubstituted 
hnear, branched or cyclic hydi'ocarbon group having 1 to 10 carbon atoms, 
a substituted or unsubstituted 1,4-dithiane group, an arylene group or an 
aralkylene group, m represents an integer of 0 to 2 and n represents an 
integer of 0 to 4). 

[Claim 3] A polymeiizable composition according to Claim 1, wherein 
compound (a) is a compound having a disulfide bond. 

[Claim 4] A polymerizable composition according to Claim 1, wherein 
compound (b) is a compound having one NCO group or one NCS gi'oup per 
one molecule. 

[Claim 5] A resin obtained by polymerizing the composition described in 
Claim 1. 

[Claim 6] An optical material comprising the resin described in Claim 5. 
[Claim 7] A process for producing a resin which comprises polymerizing 
the composition described in Claim 1 by casting. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a resin used for 
optical materials such as plastic lenses, piisms, optical fibers, information 
recording substrates, filters and hght emitting diodes and a polymerizable 
composition used as the material of the resin and, more particularly, to a 
polymerizable composition advantageously used as a raw material for 
spectacle plastic lenses. 
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[0002] 

[Prior Art] Plastic lenses have rapidly become popular as an optical 
material such as spectacle lenses and camera lenses in recent years since 
plastic lenses have light weights, are resistant to fracture and can be 
tinted in contrast to inorganic lenses. The properties which have always 
been required for the plastic lenses are optical properties such as a high 
refractive index, a high Abbe number and physical properties such as 
excellent workability, excellent heat resistance and a low specific gi-avity. 
[0003] Plastic lenses having a high refractive index which are available 
at present have already achieved the excellent heat resistance and the low 
specific gi'avity to a high degi-ee among these properties. The resin 
widely used for this purpose at present is a resin obtained by radical 
polymerization of diethylene glycol bis(allylcarbonate) (hereinafter, 
referred to as D.A.C.). This resin has many advantageous properties 
such as excellent impact resistance, a light weight, excellent tint 
performance and excellent workability such as excellent cutting property 
and polishing property. However, this resin has a refractive index Nd as 
low as about 1.50 and the thickness of a lens at the central portion or the 
peripheral portions increases. Therefore, a resin for lenses having a 
higher refractive index has been desired. 

[0004] As the resin having a higher refractive index than that of the 
D.A.C. resin, resins having sulfur atom introduced therein such as 
polythiourethane resins (Japanese Patent Application Publication No. 
Heisei 4(l992)-58489 and others), (meth)acrylate resins containing sulfur 
(Jap anese Patent Application Laid'Open No. Heisei 4(1992)" 16 1410 and 
others) and thiomethacrylate resins (Japanese Patent Apphcation 
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Publication No. Heisei 3(199 1)-59060 and others) are known. 
Polythiourethanes are excellent resins having properties in an excellent 
balance such as a combination of a high refractive index and excellent 
impact resistance. 

[0005] However, the refractive index and the Abbe number are 
contradictory properties. For example, the higher the refractive index, 
the lower the Abbe number. It is very difficult that a high refractive 
index and a high Abbe number are simultaneously achieved. Therefore, 
it is the subject of active studies that the refractive index is increased 
while the decrease in the Abbe number is suppressed. 

[0006] Most typical proposals among these studies are the use of 
episuU&de compounds as disclosed in Japanese Patent Application 
Laid-Open Nos. Heisei 9(l997)-110979, Heisei 9(1997)-71580 and Heisei 
9(1997)-255781. 

[Problems to be overcome by the Invention] In accordance with these 
proposals, a high refractive index can be achieved while the Abbe number 
is kept relatively high. However, episulfide resins obtained by using 
episulfide compounds as the raw materials are occasionally very fragile 
and have poor workability. In apphcations requiring high impact 
strength such as spectacle lenses, strength is occasionally insufficient. 
Moreover, in applications requiring variety in the fashion such as 
spectacle lenses, requirements of users cannot always be satisfied since 
the tint performance is poor. 
[0008] 

[Means for overcoming the Problems] As the result of extensive studies 
by the present inventors to overcome the above problems, it was found 
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that a polymerizable composition which comprises compound (a) having a 
structure represented by the following formula (l)- 
[0009] 
[Formula 3] 




— S— Ri-C — C — R4 

X (1) 
[0010] (in the formula, Ri represents a divalent hydrocarbon group 
having 1 to 10 carbon atoms, R2, R;^ and R4 each represent a hydrocarbon 

gi'oup having 1 to 10 carbon atoms, X represents S or O and a number of S 
per a total number of S and O which constitute the three memb ere d ring 
is 50% or gi'eater in average), compound (b) having one or more NCO 
groups and/or NCS groups per one molecule and compound (c) having one 
or more active hydrogen groups in amounts such that a ratio of a total 
amount by mole of NCO gi'oup and NCS group in compound (b) to a total 
amount by mole of episulSde gi'oup and epoxy gi*oup in compound (a) is 
0.001 to 2 and a ratio of a total amount by mole of the active hydrogen 
gi'oup in compound (c) to a total amount by mole of NCO group and NCS 
gi-oup in compound (b) is 0.1 to 10, exhibits high impact resistance and 
excellent tint pei*formance while a high refractive index and a high Abbe 
number are maintained. The present invention has been completed 
based on this knowledge. 
[0011] 

[Modes for carrying out the Invention] In the present invention, the ratio 
of the total amount by mole of NCO gi'oup and NCS group in compound (b) 
to the total amount by mole of episulfide group and epoxy group in 
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compound (a) is 0.001 to 2 and preferably 0.01 or gi'eater and smaller than 
1. The ratio of the total amount by mole of the substituents having an 
active hydi'ogen group in compound (c) to the total amount by mole of 
NCO group and NCS group in compound (b) is 0.1 to 10 and preferably 0.5 
or greater and smaller than 5. 

[0012] When the ratio of the total amount by mole of NCO gi-oup and 
NCS group in compound (b) to the total amount by mole of episulfide 
gi'oup and epoxy group in compound (a) exceeds 2, heat resistance and/or 
the refractive index of the resin obtained by curing by polymerization may 
occasionally decreases. When this ratio is smaller than 0.001, the effect 
of increasing impact resistance and/or improving tint performance which 
is the object of the present invention is not satisfactorily obtained, 
occasionally. When the ratio of the total amount by mole of the 
substituents having an active hydrogen group in compound (c) to the total 
amount by mole of NCO gi'oup and NCS group in compound (b) exceeds 10, 
heat resistance and/or the refractive index of the resin obtained by curing 
by polymerization may occasionally decreases. When this ratio is smaller 
than 0.1, the effect of increasing impact resistance and/or improving tint 
performance which is the object of the present invention is not 
satisfactorily obtained, occasionally, or a transparent resin is not obtained, 
occasionally. 

[0013] In formula (l), R| represents a hydi'ocarbon group having 1 to 10 
carbon atoms, R2, R3 and each represent a hydrocarbon group having 1 

to 10 carbon atoms or hydrogen atom. To achieve a high refractive index, 
it is preferable that represents methylene group and Rv. R:^, and R^ 

represent hydi'ogen atom in formula (l). 
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[0014] The polymerizabie composition of the present invention is a 
composition comprising compound (a), compound (b) and compound (c). 
The composition may also comprise polyether oligomers and polysidfide 
oligomers such as dimers, trimers, tetramers and the like of these 
compounds, modified isocyanates such as isocyanate dimers, biurets and 
trimers, inorganic acids and organic acids which are added as the 
polymerization inhibitors, and organic compounds and inorganic 
compound such as solvents and other byproducts within the range that 
adverse effects are not exhibited. 

[0015] To the polymerizabie composition of the present invention, resin 
modifiers may be added to improve the resin obtained from the 
composition, for example, to adjust the optical properties such as the 
refractive index and the like, to adjust physical properties such as impact 
resistance, the specific gi*avity and the like and to adjust the handling 
property such as viscosity of the polymerizabie composition and the like. 
[0016] Examples of the resin modifier include episulfide compounds 
other than episulfide compounds comprised in the composition of the 
present invention, mercaptoorganic acids, organic acids, organic acid 
anhydi'ides, acidic phosphoric acid esters, amino acids, mercaptoamines 
and olefins including (meth)acrylates and the like. 

[0017] In the present invention, as compound (a), a compound 
represented by the following formula (2) is preferable : 
[0018] 
[Formula 4] 
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R7 Rg Rn 

r r I I 

R5 - C — C- CH2SKY) niS]„CH2 - C — C - Rio 

X X (2) 

[0019] (In the above formula, R5 to Riq each represent a hydi'ocarbon 

group having 1 to 10 carbon atoms or hydi'ogen atom, X represents S or O, 
a number of S per a total number of S and O which constitute the 
three-membered ring is 50% or gi'eater in average, Y represents a 
substituted or unsubstituted linear, branched or cyclic hydrocarbon group 
having 1 to 10 carbon atoms, a substituted or unsubstituted 1,4'dithiane 
group, an arylene gi'oup or an aralkyiene gi'oup, m represents an integer 
of 0 to 2 and n represents an integer of 0 to 4.) 

[0020] The substituent of the hnear, branched or cyclic hydrocarbon 
group having 1 to 10 carbon atoms which is represented by Y may have 
the following structure (3)' 
[0021] 
[Formula 5] 

Ri 1 R 1 7 
I 11 I 1. 

- [(CH2),S]p - CHo - C — C - Rn 

X (3) 
(in the above formula, Rji to Ri;^ represent hydrogen atom or a 

hydi-ocarbon gi'oup having 1 to 10 carbon atoms, 0 represents an integer of 
0 to 2, p represents an integer of 1 or 2, X represents S or O, and the 
number of S may be 50% or greater per the total number of S and O 
constituting the three-membered ring in average). 

[0022] Preferable examples of compound (a) having one or more 
structure represented by formula (l) include- 
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linear aliphatic 2,3'epithiopropylthio compounds such as 
bis(2,3-epithiopropyl) sulfide, bis(2,3-epithiopropyl) disulfide, 
bis(2,3-epithio-propylthio)methane, l,2-bis(2,3-epithiopropylthio)ethane, 

1 . 2 - bis(2 , 3 - epithiop r op yl thio)p r op an e , 

1 . 3 -bis (2 , 3 - epithiop r op ylthio)prop ane , 

1.3- bis(2 , 3 - epithiop r opylthio) - 2 ■ methylpr op ane , 

1 . 4 -bis(2 , 3 - epithiop rop ylthio) -butane , 

1.4- bis(2,3-epithiopropylthio)-2-methylbutane, 
1 , 3-bis(2 , 3 -epithio-propylthio)butane, 

1.5- bis(2,3-epithiopropylthio)pentane, 
l,5-bis(2,3-epithiopropylthio)-2-methylpentane, 

1.5 - bis (2, 3 -epithiop rop ylthio) -3- thiapent ane, 

1.6- bis{2,3-epithiopropylthio)hexane, 

1 ,6 -bis(2 ,3 - epithio-p ropylthio)-2 - methylhexane , 
3,8-bis(2,3-epithiopropylthio)-3,6-dithiao-ctane, 
1 ,2 ,3 -tiis(2 ,3-epithiopropylthio)propane, 

2,2-bis(2,3-epithio-propylthio)-l,3-bis(2,3-epithiopropylthiomethyl)propane, 
2 ,2 -bis(2 , 3 - epithiop rop ylthiomethyl) - 1 - (2 , 3-epithiopropylthio)butane , 
l,5-bis(2,3-epithiopropylthio)-2-(2,3-epithiopropylthiomethyl)-3-thiapenta 
ne, 

l,5-bis(2,3-epithiopropylthio)-2,4-bis(2,3-epithiopropylthiomethyl)-3-thia-p 
entane, 

l-(2,3-epithiopropylthio)-2,2-bis(2,3-epithiopropylthiomethyI)-4-thiahexan 

l,5,6-tiis(2,3-epithiopropylthio)-4-(2,3-epithiopropylthio-niethyl)-3-thiahex 
ane, 
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13'bis(2,3-epithiopropylthio)-4-(2,3-epithiopropyl-thiomethyl)-3,6-dithiaoc 
tane, 

l,8-bis(2,3-epithiopropylthio)-4,5-bis(2,3-epithiopropylthiomethyl)-3,6-di 
iaoctane, 

l,8-bis(2,3-epithiopropylthio)-4,4-bis(2,3-epithiopropylthiomethyl)-3,6-dith 
iaoctane, 

l,8-bis(2,3-epithio-propylthio)-2,5-bis(23"epithiopropylthiomethyl)-3.6-di^ 
hiaoctane, 

l,8-bis(2,3-epithiopropylthio)-2,4,5-tiis(2,3-epithiopropylthiomethyO 
thiaoctane, 

1,1, 1 - tris{[2 -(2 , 3 -epithiopropylthio)ethyl] thiomethyl} - 2 - (2 , 3 -epithiopropylt 
hio)ethane, 

1 , 1 ,2 ,2 - tetrakis {[2 - (2 ,3-epithiopropylthio)ethyl] - thiomethyllethane, 
l,ll-bis(2,3-epithiopropylthio)-4,8-bis(2,3-epithio-propylthiomethyl)-3,6,9- 
trithiaundecane , 

l,ll-bis(2,3-epithiopropylthio)-4,7-bis(23"epithiopropyltliioinethyl)-3,6,9-t 
rithiaundecane, 

1 J l-bis(2,3-epithiopropylthio) -5,7 ■bis(2,3-epithiopropyl thiomethyl)- 3,6,9 -t 
rithia-undecane and the like; 

[0023] alicyclic 2,3-epithiopropylthio compounds such as 

l,3-bis(2,3-epithiopropylthio)cyclohexane, 

1 . 4 -bis(2 , 3 - epithiop rop ylthio)cy cloh exan e , 

1.3- bis(2,3-epithiopropylthiomethyl)cyclohexane, 

1.4- bis(2,3-epithiopropyl-thiomethyl)cyclohexane, 

2.5- bis(2,3-epithiopropylthiomethyl)"l,4-dithiane, 

2 .5 bis ![2 -(2 ,3-epithiopropylthio)ethyl] thiomethyl) - 1 ,4-dithiane. 
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2,5-bis(23"epithiopropylthioniethyl)-2,5-dimethyl- 1,4-dithiane axid the 
Kke; aromatic 2,3-epithiopropylthio compounds such as 

1 . 2 - bis(2 , 3 - epithiop ropylthio)b enzene , 

1 .3 - bis(2 , 3 - epithiop ropylthio)b enzene, 
l,4-bis(2,3-epithiopropylthio)benzene, 
l,2-bis(2,3-epithiopropylthiomethyl)-benzene, 
1 , 3 -bis(2 , 3 ■ epithiop ropylthiomethyOb enzene, 
l,4-bis(2, 3 -epithiop ropylthiomethyDbenzene, 
bis[4- (2 ,3 - epithiop r op ylthio)pheny I] - methane, 

2 , 2 -bis[4- (2 , 3 - epithiop ropylthio)phenyl]prop an e, 

bis [4- (2 , 3 - epithiop ropylthio)phenyl] sulfide , 

bis[4-(2,3-epithiopropylthio)phenyl] sulfone, 
4,4'-bis(2,3-epithiopropylthio)biphenyl and the like; epithio compounds 
having mercapto gi*oup such as 3-mercaptopropylene sulfide, 
4-mercaptobutene sulfide and the likeJ and the hke compounds. However, 
compound (a) is not limited to the compounds described above as the 
examples. The above compounds may be used singly or as a mixture of 
two or more. Among the compounds described above as the examples, 
bis (2 ;3 -epithiop ropyl) sulfide and bis(2,3-epithiopropyl) disulfide are 
preferable and bis (2, 3 -epithiop ropyl) disulfide is most preferable. 
[0024] Preferable examples of compound (b) used in the present 
invention include monofunctional isocyanate compounds such as methyl 
isocyanate, ethyl isocyanate, n -propyl isocyanate, isop ropyl isocyanate, 
n-butyl isocyanate, sec-butyl isocyanate, tert butyl isocyanate, pentyl 
isocyanate, hexyl isocyanate, heptyl isocyanate, octyl isocyanate, decyl 
isocyanate, lauryl isocyanate, myristyl isocyanate, octa decyl isocyanate, 
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3-pentyl isocyanate, 2-ethylhexyl isocyanate, 2,3-diinethylcyclohexyl 
isocyanate, 2-inethoxyphenyl isocyanate, 4-methoxyphenyl isocyanate, 
a-methylbenzyl isocyanate, phenylethyl isocyanate, phenyl isocyanate, 0% 
m- and p-tolyl isocyanates, cyclohexyl isocyanate, benzyl isocyanate, 
isocyanatomethyl-bicycloheptane and the like; 

[0025] aliphatic polyisocyanate compounds such as hexamethylene 
diisocyanate, 2,2-dimethylpentane diisocyanate, 2,2,4-trimethylhexane 
diisocyanate, butene diisocyanate, 1,3-butadiene 1,4-diisocyanate, 
2,4,4-trimethylhexamethylene diisocyanate, 1,6,11-undecane triisocyanate, 
1,3,6-hexamethylene triisocyanate, 
l,8-diisocyanato-4-isocyanatomethyl-octane, bis(isocyanatoethyl) 
carbonate, bis(isocyanatoethyl) ether, lysine diisocyanatomethyl ester, 
lysine triisocyanate, xylylene diisocyanate, bis(isocyanatoethyl)benzene, 
bis(isocyanatopropyl)benzene, a,a,a',a'-tetramethylxylylene diisocyanate, 
bis(isocyanatobutyl)benzene, bis(isocyanatomethyl)naphthalene, 
bis(isocyanatomethyl)diphenyl ether, bis(isocyanatoethyl) phthalate, 
mesitylene triisocyanate, 2,6-di(isocyanatomethyl)furan and the like; 
[0026] alicyclic polyisocyanate compounds such as isophorone 
diisocyanate, bisGsocyanatomethyl) cyclohexane, dicyclohexyhne thane 
diisocyanate, cyclohexane diisocyanate, methylcyclohexane diisocyanate, 
dicylcohexyldimethylmethane diisocyanate, 
2,2-dimethyldicyclohexyl-methane diisocyanate, 

2.5- bis(isocyanatomethyl)bicyclo-[2,2,l]-heptane, 

2.6- bis(isocyanatomethyl)bicyclo-[2,2,l]-heptane, 

3.8- bis(isocyanato-methyl)tricyclodecane, 

3. 9 - bisGsocyanatomethyl) tricyclodecane, 
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4.8- bis(isocyanatomethyl)tricyclodecane 

4.9- bis(isocyanatomethyl)tricyclo-decane and the like; 

[0027] aromatic polyisocyanate compounds such as phenylene 
diisocyanate, tolylene diisocyanate, ethylphenylene diisocyanate, 
isopropylphenylene diisocyanate, dimethylphenylene diisocyanate, 
diethylphenylene diisocyanate, diisopropylphenylene diisocyanate, 
trimethylbenzene triisocyanate, benzene triisocyanate, biphenyl 
diisocyanate, toluidine diisocyanate, 4,4-diphenylmethane diisocyanate, 
3,3-dimethyldiphenylmethane 4, 4 -diisocyanate, bibenzyl 4, 4- diisocyanate, 
bis(isocyanatophenyl)ethylene, 3,3- dime thoxybiphenyl 4, 4- diisocyanate, 
phenylisocyanatoethyl isocyanate, hexahydrobenzene diisocyanate, 
h ex ahydi*o dip henylm ethane 4,4- diisocyanate and the like; 
[0028] isocyanate compound having sulfiu* such as bis (is ocy an a to ethyl) 
sulfide, bisCisocyanatopropyl) sulfide, bis(isocyanatohexyl) sulfide, 
bisCisocyanatomethyl) sulfone, bisCisocyanatoniethyl) disulfide, 
bis(isocyanatoethyl) disulfide, bisCisocyanatopropyl) disvilfide, 
bis(isocyanatomethylthio)methane, bis(isocyanatoethylthio)methane, 
bis(isocyanatoethylthio)ethane, bis(isocyanatomethylthio)ethane, 
l,5-diisocyanato-2-isocyanatomethyl-3-thiapentane and the hke; 
[0029] isocyanate compounds derived fiom aromatic sulfides such as 
diphenyl sulfide 2,4-diisocyanate, diphenyl sulfide 4,4-diisocyanate, 
3,3-dimethoxy-4,4-diisocyanatodibenzyl thioether, 
bis(4-isocyanatomethyl-benzene) sulfide, 4,4-methoxybenzenethioethylene 
glycol 3, 3 -diisocyanate and the like; 

[0030] isocyanate compounds deiived fi^om aromatic disulfides such as 
diphenyl disulfide 4,4-diisocyanate, 2, 2 dim ethyl diphenyl disulfide 
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5,5-diisocyanate, 3,3-diinethyldiphenyl disulfide 5,5-diisocyanate, 

3.3- dimethyldiphenyl disulfide 6,6-diisocyanate, 4,4-dimethyldiphenyl 
disulfide 5,5-diisocyanate, 3,3-dimethoxydiphenyl disulfide 

4.4- diisocyanate, 4,4-dimethoxydiphenyl disulfide 3,3-diisocyanate and the 
like; and heterocyclic compounds having suHur such as 

2.5- diisocyanatothiophene, 2,5-bis(isocyanatomethyl)thiophene and the 
like; and 

[0031] other compounds such as 2,5-diisocyanatotetrahydrothiophene, 
2 , 5 -bis(isocyanatomethyl)tetrahydi*othiophene, 

3.4- bis(isocyanatomethyl)-tetrahydi'othiophene, 

2.5- diisocyanato-l,4-dithiane, 2,5-bis(isocyanato-methyl)-l,4-dithiane, 
4,5-diisocyanato-l,3-dithiolane, 4,5-bis(isocyanato-methyl)-l,3-dithiolane, 
4,5-bis(isocyanatomethyl)-2-methyl-l,3-dithiolane and the like. However, 
compound (b) is not Hmited to the compounds described above as the 
examples. Compounds obtained by modification of the above compovmds 
such as compounds substituted with a halogen such as chlorine, bromine 
and the like, compounds substituted with an alkyl group and substitution 
with an alkoxy gi'oup, compounds substituted with nitro group, 
compounds of the prepolymer type modified in combination with 
polyhydric alcohols, compounds modified with carbodiimides, compounds 
modified with ureas, compounds modified with biurets, compound 
obtained by the dimerization reaction and the trimerization reaction and 
the hke can also be used. 

[0032] Further examples of the compounds preferable as compovind (b) 
include isothiocyanate compounds. The isothiocyanate compound is a 
compound which has one or more -NCS groups in one molecule and may 
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have sulfur atom other than the sulfur atom in NCS gi'oup. 
[0033] Specific examples of the isotliiocyanate compound include 
monofunctional isocyanate compounds such as methyl isothiocyanate, 
ethyl isothiocyanate, n -propyl isothiocyanate, isopropyl isothiocyanate, 
n-butyl isothiocyanate, secbutyl isothiocyanate, tert-butyl isothiocyanate, 
pentyl isothiocyanate, hexyl isothiocyanate, heptyl isothiocyanate, octyl 
isothiocyanate, decyl isothiocyanate, lauryl isothiocyanate, myristyl 
isothiocyanate, octa decyl isothiocyanate, 3 -pentyl isothiocyanate, 
2-ethylhexyl isothiocyanate, 2,3-dimethylcyclohexyl isothiocyanate, 
2-methoxyphenyl isothiocyanate, 4-methoxyphenyl isothiocyanate, 
a-methylbenzyl isothiocyanate, phenylethyl isothiocyanate, phenyl 
isothiocyanate, o-, m- and p-tolyl isothiocyanates, cyclohexyl 
isothiocyanate, benzyl isothiocyanate, 

isothiocyanatomethylbicycloheptane and the like; 

[0034] aliphatic polyisothiocyanate compovmds such as 

1,6-diisothiocyanatohexane and p-phenyleneisopropylidene 

diisothiocyanate and the like; alicycHc polyisothiocyanate compounds such 
as cyclohexane diisothiocyanate, diisothiocyanatomethylbicycloheptane 
and the like; and aromatic diisothiocyanate compounds such as 
1,2-diisothiocyanatobenzene, 1,3-diisothiocyanatobenzene, 

1.4- diisothiocyanatobenzene, 2,4-diisothio-cyanatotoluene, 

2.5- diLSothiocyanato-m-xylene, 4,4-diisothiocyanato-l,l-biphenyl, 
1, l-methylenebis(4-isothiocyanatobenzene), 
l,l-methylenebis-(4-isothiocyanato-2-methylbenzene), 
l,l-methylenebis(4'isothiocyanato-3-methylbenzene). 
l,l-(l,2-ethandiyl)bis(isothiocyanatobenzene), 
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4,4-diisothiocyanatoben2ophenone, 

4,4-diisothiocyanato-3,3-dimethyl-benzophenone, diphenyl ether 

4.4- diLSothiocyanate, diphenylamine 4,4-diisothiocyanate and the like; and 
[0035] carbonyl isothiocyanate compounds such as 1,3 -benzene 
dicarbonyldiisothiocyanate, 1,4-benzene dicarbonyldiisothiocyanate, 
(2,2 -pyridine) 4,4- dicarbonyldiisothiocyanate and the hke. However, 
compound (b) is not limited to the compounds described above as the 
examples. 

[0036] Still further examples of the compounds preferable as compound 
(b) include isothiocyanate compounds having one or more sulfur atoms in 
addition to isothiocyanate group. Examples of such compounds include 
aliphatic isothiocyanate compounds having sulfur atom such as 
thiobis(3-isothiocyanatopropane), thiobis(2-isothiocyanatoethane), 
dithiobis(2-isothiocyanatoethane) and the like; aromatic isothiocyanato 
compounds having sulfur atom such as 

l-isothiocyanato-4- [(2 -isothiocyanato) -sulfonyl]benzene, 
thiobis(4-isothiocyanatobenzene), sulfonylbis(4-isothiocyanatobenzene), 
dithiobis(4-isothiocyanatobenzene) and the like; and heterocyclic 
compounds having sulfur atom such as 2,5-diisothiocyanatothiophene, 

2.5- diisothiocyanato-l,4-dithiane and the like. However, compound (b) is 
not limited to the compounds described above as the examples. 
Compounds obtained by modification of the above compounds such as 
compounds substituted with a halogen such as chlorine, bromine and the 
like, compounds substituted with an alkyl gi'oup, compounds substituted 
with an alkoxy group, compounds substituted with nitro group, 
compounds of the prepolymer type modified in combination with 
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polyhydric alcohols, compounds modified with carbodiimides, compounds 
modified with ureas, compounds modified with biurets, compound 
obtained by the dimerization reaction and the trimerization reaction and 
the hke may also be used. 

[0037] Still fiirther examples of the compounds preferable as compound 
(b) include isothiocyanate compounds having isocyanate group. 
Examples of such compounds include aliphatic and alicyclic compounds 
such as l-isocyanato-6-isothiocyanatohexane, 

l-isocyanato-4-isothiocyanato-cyclohexane and the like; aromatic 
compounds such as l-isocyanato-4-isothiocyanatobenzene, 

4-methyl-3-isocyanato-l-isothiocyanatobenzene and the like; heterocyclic 
compounds such as 2-isocyanato-4,6-diisothiocyanato- 1,3,5-triazine and 
the like; and compounds having sulfur atom other than the sulfur atom in 
isothiocyanate gi-oup such as 4-isocyanato-4'-isothiocyanatodiphenyl 
sulfide, 2-isocyanato-2'-isothiocyanatodiethyl sulfide and the like. 
However, compound (b) is not Umited to the compounds described above 
as the examples. Compounds obtained by modification of the above 
compounds such as compounds substituted with a halogen such as 
chlorine, bromine and the like, compounds substituted with an alkyl 
group, compounds substituted with an alkoxy group, compounds 
substituted with nitro gi'oup, compounds of the prepolymer type modified 
in combination with polyhydiic alcohols, compounds modified with 
carbodiimides, compounds modified with ureas, compounds modified with 
biurets, compound obtained by the dimerization reaction and the 
trimerization reaction and the like may also be used. 

[0038] The iso(thio)cyanate compounds may be used singly or as a 
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mixture of two or more. 

[0039] In the present invention, preferable examples of compound (c) 
include monools and polyols having the functionahty of one or greater 
including compounds having phenoHc hydi'oxyl gi'oups. Compounds 
having sulfur atom in the molecule are also included. Specific examples 
of the monofunctional compound include ahphatic monofunctional alcohol 
compounds such as methanol, ethanol, n -prop and, isopropanoL n-butanoL 
sec'butanol, tert-butanol, pentanol, isoamyl alcohol, hexanol, heptanol, 
octanol, nonyl alcohol, decanol, dodecyl alcohol, cetyl alcohol, isotridecyl 
alcohol, stearyl alcohol, 2-ethyl-l-hexanol, aliyl alcohol, methoxyethanol, 
ethoxyethanol, phenoxyethanol, cyclop ropanol, cyclobutanol, 
cyclop en tan ol, cyclohexanol, cyclooctanol, benzyl alcohol, phenylethyl 
alcohol, methylcyclohexanol, furfuryl alcohol, tetrahydi'ofurfuryl alcohol, 
methyl lactate, ethyl lactate, butyl lactate and the like; and aromatic 
monofunctional phenol compounds such as phenol, cresoL ethylphenol, 
methoxyphenol, ethoxyphenol, methoxyethylphenoL cumylphenol, 
phenoxyphenol, tert-butylphenol, naphthol and the like. 
[0040] Examples of the poly thiol compound having the functionality of 
two or gi-eater include polyols such as ethylene glycol, diethylene glycol, 
propylene glycol, dipropylene glycol, butylene glycol, neopentyl glycol, 
glycerol, trimethylolethane, trimethylolpropane, butanetriol, 
1,2-methylglycoside, pentaerythiitol, dipentaerythritol, tripentaerythritol, 
sorbitol, erythritol, sleitol, mannitol, ribitol, arabinitol, xylytol, allitol, 
dorsitol, glycol, inositol, hexanetriol, triglycerol, trie thy lene glycol, 
polyethylene glycol, tris(2'hydi'oxy ethyl) isocyanurate, cyclobutanediol, 
cyclop entanediol, cyclohexanediol, cycloheptanediol, cyclooctanediol, 



21 



cyclohexanedimethanol, hydi*oxypropylcyclohexanol, 
bicyclo[4,3,0]-nonanediol, dicyclohexanediol, tricyclo[5,3,l,l]dodecanedioL 
bicyclot4,3,0]-nonanediinethanol, dicyclohexanedioL 
tricyclo [5,3,1, lldodecanediethanol, spiro[3 ,4] octanediol, 

butylcyclohexanediol, 1,1-bicyclohexylidenediol, cyclohexanetriol, multitol, 
lactitol, dihydroxynaphthalene, trihydi-oxynaphthalene, 

tetrahydi'oxynaphthalene, dihydi'oxybenzene, benzenetriol, 

biphenyltetraol, trihydroxyphenanthrene, bisphenol A, bisphenol F, 
xylylene glycol, bis(2-hydroxyethoxy)benzene, bisphenol A 
bis(2-hydi*oxyethyl ether), tetrabromobisphenol A, tetrabromobisphenol A 
bis(2-hydroxyethyl ether), dibromoneopentyl glycol and the hkeJ 
condensation products of the polyols described above with organic 
polybasic acids such as oxahc acid, glutamic acid, adipic acid, acetic acid, 
propionic acid, phthahc acid, isophthalic acid, salicyHc acid, pyromellitic 
acid, 3-bromopropionic acid, 2-bromoglycohc acid, dicarboxycyclohexane, 
butanetetracarboxyhc acid, bromophthalic acid and the like; and products 
of the addition reaction of the polyols described above with alkylene oxides 
such as ethylene oxide and propylene oxide ; and the like compounds. 
However, the monool and polyol compounds are not limited to the 
compound described above as the examples. Compovmds obtained by 
substitution with halogens such as chlorine, bromine and the like may 
also be used. The compounds described above may be used singly or as a 
mixture of two or more. 

[0041] Examples of the monool and polyol compounds having sulfur 
atom include bis[4-(hydroxyethoxy)phenyi] sulfide, 

bis[4-{2-hydi*oxypropoxy)'phenyl] sulfide. 
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bis[4-(2,3-dihydroxypropoxy)phenyl] sulfide, 
bis[4-(4-hydroxycyclohexyloxy)phenyl] sulfide, 
bis[2-inethyl-4-(hydi'oxyethoxy)-6-butylphenyl] sulfide, compounds 
obtained by addition of 3 molecules or less in average of ethylene oxide 
and/or propylene oxide to one hydi'oxyl gi'oup of the above compounds, 
bis(2-hydroxyethyl) sulfide, l,2-bis(2-hydroxyethylmercapto)ethane, 
bis(2-hydroxyethyl) disulfide, l,4-dithiane-2,5-diol, 

bis(2,3-dihydi'oxypropyl) sulfide, t e tr aids (4-hydr oxy 2 -thiabutvl) methane, 
bis(4-hydi*oxyphenyl) sulfone (bisphenol S), tetrabromobisphenol S, 
tetramethylbisphenol S, 4,4-thiobis(6-tert-butyl-3-methylphenol), 
l,3-bis(2-hydroxyethylthioethyl)cyclohexane and the like. However, the 
monool and polyol compounds having sulfiir atom are not limited to the 
compounds described above as the examples. Compounds obtained by 
substitution with halogens such as chlorine, bromine and the like may 
also be used. The compounds described above may be used singly or as a 
mixture of two or more. 

[0042] Examples of compound (c) further include mono- and poly thiol 
compounds. The thiol compounds include compounds having at least one 
sulfur atom in addition to the sulfur atom in the mercapto group. 
Specific examples of the preferable monofimctional thiol compound 
include ahphatic mercaptan compounds such as methyl mercaptan, ethyl 
mercaptan, propyl mercaptan, butyl mercaptan, octyl mercaptan, dodecyl 
mercaptan, tert-dodecyl mercaptan, hexadecyl mercaptan, octadecyl 
mercaptan, cyclohexyl mercaptan, benzyl mercaptan, ethylphenyl 
mercaptan and the like; and aromatic mercaptan compounds such as 
thiophenol, mercaptotoluene and the hke. 
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[0043] Examples of the polythiol compounds having the functionality of 2 
or greater include 1,1 prop anedi thiol, 1,2-propanedithiol, 
1,3-propanedithiol, 2,2 -propanedi thiol, 1,6-hexanedithiol, 

1,2,3 -propanetriol, 1 , 1 -cyclohexanedi thiol, 1 , 2 cyclohexanedithiol, 

2.2- dimethylprop ane' 1 , 3-di thiol, 3 ,4- dimethoxybutane - 1,2- di thiol, 
2-methylcyclohexane-2,3-dithiol, 1, 1 - bis (mercap tome thy l)cyclohex ane, 
thiomalic acid bis(2-mercaptoethyi ester), 2,3-dimercapto- 1-propanol 
(2-mercaptoacetate), 2,3-dimercapto- 1-propanol (3-mercaptopropionate), 
diethylene glycol bis(2-mercaptoacetate), diethylene glycol 
bis (3-mercaptopropionate), 1,2-dimercaptopropyl methyl ether, 

2.3- dimercaptopropyl methyl ether, 
2 , 2 -bis(mercaptomethyl) -1,3 "prop anedi thiol, bis(2 -mercap toethyl) ether, 
ethylene glycol bis (2-mercaptoacetate), ethylene glycol 
bis (3-mercaptopropionate), trimethylolpropane bis(2- mercap to acetate), 
trimethylolpropane bis(3-mercaptopropionate), pentaerythritol 
tetrakis(2 - mercap toacetate), pentaerythritol 
tetrakis (3-mercaptopropionate), tetrakis (mercap to* me thyDme thane and 
the like; 

[0044] aromatic poly thiols such as l,2-dimercaptoben2ene, 

1.3- dimercaptobenzene, 1,4-dimercaptobenzene, 

1.2- bis(mercaptomethyl)-benzene, L3-bis(mercaptomethyl)ben2ene, 

1.4 - bis (mercap tomethyl) -benzene, 1,2 -Bis (mercap toe thyDbenzene, 

1.3- bis(mercaptoethyl)ben2ene, l,4-bis(mercaptoethyl)beuzene, 

1.2.3- tiimercaptobenzene, 1,2,4-trimercaptobenzene, 
1,3,5-trimercaptobenzene, l,2,3-tris(mercapto-methyl)benzene, 

1.2.4- tris(mercaptomethyl)benzene, l,3,5-tris(mercaptomethyl)benzene, 
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1.2.3- tris(mercaptoethyl)benzene, l,2,4-tris(mercaptoethyl)benzene, 
l,3,5-tris(mercaptoethyl)benzene, 2,5-toluenedithiol, 3,4-toluenedithiol, 
1 , 3 - di(p - me th oxyp h enyDp rop an e - 2 , 2 - dithiol , 

1.3- diphenylpropane-2,2-dithiol, phenylmethane-l.ldithiol, 

2.4- dL(p-inercaptophenyl)pentane and the like; 

[0045] polyols having a heterocyclic structure such as 

2-methylamino-4,6-dithiol-syin-triazine and the Kke; and aromatic 
polythiol compounds having sulfur atom in addition to the sulfur atom in 
the mercapto gi*oup such as l,2-bis(mercaptoethylthio)benzene, 
l,3-bis(mercaptoethylthio)-benzene, l,4-bis(mercaptoethylthio)benzene, 
1,2, 3 -tris(mercap to-methylthio)benzene, 

1.2.4- tris(mercaptomethylthio)benzene, 

1.3.5- tris (mercap tomethylthio)benzene , 
1 ,2 ,3 -tris(mercaptoethylthio)benzene , 

1.2.4- tris(mercaptoethylthio)benzene, 

1. 3. 5- tris (mercaptoethylthio) -benzene, compounds having substituents on 
the nucleus of the above compounds and the like compounds; 

[0046] bis(mercaptomethyl) sulfide, bis(mercaptoethyl) sulfide, 
bis(mercaptopropyl) sulfide, bis(mercaptomethylthio)methane, 

bis(2 -mercap toethylthio)methane, bis{3-mercaptopropylthio)methane, 
l,2-bis(mercaptomethylthio)ethane, l,2-bis(2 -mercap toethylthio)ethane, 
l,2-bis(3-mercaptopropyi)ethane, l,3-bis(mercaptomethylthio)propane, 
1 ,3 -bis(2 -mercap toethylthio)prop ane, 
1 , 3 -bis(3 - mercap top ropylthio)p rop ane , 
1,2, 3 ■ tris(mercaptomethylthio)prop ane, 
1 ,2 ,3 -tris(2 -mercaptoethylthio) -propane, 
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l,2,3-tris(3-mercaptopropylthio)propane, 

l,2-bis[(2-inercaptoethyl)thio]-3-mercaptopropane, 

4,8-dimercaptoniethyl-l,ll'niercapto-3,6,9-trithiaundecane, 

4J-dimercaptomethyl-l,ll-niercapto-3,6,9-ti'ithiaundecane, 

5 J-dimercaptomethyl-l,ll-mercapto-3,6,9-trithia-undecane, 

tetrakis(mercaptomethylthioniethyl)methane, 

t e tr akis (2 -mercap toe thylthiom e thyDme th ane , 

tetrakis(3-mei'captopropylthiomethyl)-inethane, bis(2,3"diniercaptopropyl) 
sulfide, bis(l,3-dimercaptopropyl) sulfide, 2,5-dimercapto-l,4-dithiaiie, 
2,5" dimercaptomethyl- 1 ,4- dithiane , 

2,5-dimercaptomethyl"2,5-dimethyl-l,4-dithiane, bisdnercap torn ethyl) 
disulfide, bis (mercap toethyl) disulfide, bisdnercap top ropy 1) disulfide, the 
like compounds and esters of these compounds with thioglycolic acids and 
mercap topropionic acids; 

[0047] aliphatic poly thiol compounds having sulfur atom m addition to 
the sulfur atom in the mercap to group such as hydroxy methyl sulfide 
bis(2 -mercap toacetate), hydroxymethyl sulfide bis(3 -mercap topropionate), 
hydroxyethyl sulfide bis(2-mercaptoacetate), hydroxy ethyl sulfide 
bis(3 -mercap top ropionate), hydroxypropyl sulfide bis(2 -mercap toacetate), 
hydroxypropyl sulfide bis(3-mercaptopropionate), hydroxymethyl disulfide 
bis (2 -mercap toacetate), hydroxymethyl disulfide 

bis(3 -mercap to -propionate), hydroxyethyl disulfide bis(2 -mercap toacetate), 
hydi'oxy ethyl disulfide bis (3 -mercap topropionate), hydi'oxypropyl disulfide 
bis (2 -mercap to acetate), hydi'oxypropyl disulfide bis (3 -mercap top ropionate), 
2 -mercap toethyl ether bis(2-mercap toacetate), 2-mercaptoethyl ether 
bis(3-mercaptopropionate), l,4-dithiane-2,5-diol bis(2-mercap toacetate), 
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l,4-dithiane-2,5-diol bis(3-mercaptopropionate), thiodiglycolic acid 
bis(2-mercaptoethyl ester), thiodipropionic acid bis(2-mercaptoethyl ester), 
4,4-thiodibutyric acid bis(2-mercaptoethyl ester), dithiodiglycolic acid 
bis(2-mercaptoethyl ester), dithiodipropionic acid bis(2-mercaptoethyl 
ester), 4,4-dithiodibutync acid bis(2-mercaptoethyl ester), thiodiglycolic 
acid bis (2, 3 -dim ere ap top r op yl ester), thiodipropionic acid 
bis(2,3-dimercaptopropyl ester), dithioglycolic acid 

bis(2,3-dimercaptopropyl ester), dithiodipropionic acid 

bis (2, 3 -dim ere apt op ropyl ester) and the likel and heterocyclic compound 
having sulfur atom in addition to the sulfur atom in the mercapto gi'oup 
such as 3,4-thiophenedithiol, 2,5-dimercapto-l,3,4-thiadiazol and the like. 
However, the mono- and polythiol compounds as compound (c) are not 
hmited to the compounds described above as the examples. Compounds 
obtained by substitution of the polythiol compounds with halogens such as 
chlorine, bromine and the like may also be used. The compounds 
described above may be used singly or as a mixture of two or more. 
[0048] Examples of the mercapto compound having hydroxyl gi*oup 
include 2-mercaptoethanol, 3-mercapto'l,2-propanedioL glycerol 
di (mercapto acetate), 1 -hydroxy -4-mercaptocyclohexane, 

2,4-dimercapto-phenol, 2-mercaptohydroquinone, 4-mercaptophenol, 
l,3-dimercapto-2-propanol, 2,3-dimercapto- 1-propanol, 

1,2-dimercapto- 1,3-butanediol, pentaerythritol tris(3-mercaptopropionate), 
pent aery thritol mono(3-mercaptopropionate), pentaerythritol 

bis(3-mercaptopropionate), pentaerythritol tris(thioglycolate), 

dip ent aery thritol pentakis(3-mercaptopropionate), 
hydi'oxymethyl-tris(mercaptoethylthiomethyl)-methane. 
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1- hydroxyetliylthio-3-mercaptoethylbenzene and the like. However, the 
mercapto compound having hydimyl gi'oup is not limited to the compound 
described above as the examples. Compounds obtained by substitution 
with halogens such as chlorine and bromine may also be used. The 
compounds described above may be used singly or as a mixture of two or 
more. 

[0049] Specific examples of the mono- and polyamine compounds 
preferable as compound (c) include (l) monofunctional primary amine 
compounds such as ethylamine, npropylamine isopropylamine 
n-butylamine, sec-butylamine, tert-butylamine, p en tyl amine, hexylamine, 
heptylamine, octylamine, decylamine, laurylamine, myristylamine, 
3-pentylamine, 2-ethylhexylamine, 1,2-dimethylhexylaniine, allylamine, 
aminomethylbicycloheptane, cyclop en tylamine, cyclohexyl amine, 
2,3-dimethylcyclohexylamine, aminomethylcyclohexane, anihne, 
benzylamine, phenetylamine, 2% 3- and 4-methylbenzylamines, o-, m- and 
p-methylanihnes, o-, m- and p-ethylaniLines, aminomorphohne, 
naphthylamine, furfurylamine, a-aminodiphenylmethane, toluidine, 
aminopyridine, aminophenol, aminoethanoL 1-azninopropanoL 

2- aminopropanol, aminobutanoL aminopentanoL aminohexanol, 
methoxyethylamine, 2-(2-aminoethoxy)ethanol, 3-ethoxypropylamine, 

3- propoxypropylamine, 3-butoxypropylamine, 3-isopropoxypropylamine, 
3-isobutoxypropylamine, 2,2 -diethoxy ethylamine and the like; and 
[0050] Primary polyamine compounds such as ethylenediamine, 1,2- and 
1,3-diaminopropanes, 1,2- 1,3- and 1,4-dianiinobutanes, 
1,5-diamino-pentane, 1,6-diaminohexane, 1,7-diaminoheptane, 
1,8-diaminooctane, 1,10-diaminodecane, 1,2", 1,3* and 
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1,4-diaminocyclohexanes, 4,4'-diaininodicyclohexylmethane, o-, ni- and 
p-diaminobenzenes, 3,4' and 4,4'-diammobenzophenones, 3,4- and 
4,4'-diammodiphenyl ethers, 4,4'-diaminodiphenylmethane, 

4,4'-diaminodiphenyl sulfide, 3,3'- and 4,4'-diaminodiphenyl sulfones, 
2,7-diamino£luorene, 1,5% 1,8- and 2,3-diaminonaphthalenes, 2,3-, 2,6- 
and 3,4-diaminopyridines, 2,4- and 2,G-diaminotoluenes, m- and 
p-xylylenediamines, isophoronediamine, diaminomethylbicycloheptane, 
1,3- and 1,4-diaminomethylcyclohexanes, 2- and 4-aminopiperidines, 2- 
and 4-aminomethylpiperidines, 2- and 4-aminoethylpiperidines, 
N-aminoethylmorpholine, N-aminopropyl-morpholine and the like; 
[005 1] (2) monofunctional secondary amines such as diethylamiiie, 
dipropylamine, di-n-butylamine, di-sec-butylamine, diisobutylamine, 
di-n-pentylamine, di-3-pentylamine, dihexylaniine, dioctylamine, 
di(2-ethylhexyl)amine, methylhexylamine, diallylamine, 

N- me thylallyl amine, pip eri dine, pyrrolidine, diphenylamine, 
N-methylphenylamine, N-ethylphenylamine, dibenzyl amine, 

N-methylbenzylamine, N-ethylbenzylamine, dicyclohexyl amine, 
N"methylaniline, N ethylaniline, dinaphthylamine, I niethylpiperadine, 
morpholine and the likei and 

[0052] secondary poly amine compounds such as 

N,N'- dim ethyl -ethylene diamine, N,N'-dimethyl-l,2-diaminopropane, 
N,N'-dimethyM,3-diaminopropane, N,N'-dimethyl-l,2-diaminobutane, 
N,N'-dimethyl-l,3-diaminobutane, N,N'-dimethyl-l,4-diaminobutane, 
N,N'dimethyi-l,5-diaminopentane, N,N'-dimethyl-l,6-diaminohexane, 
N,N'-dimethyl-l,7-diaminoheptane, N,N'- die thylethylene diamine, 

N,N'-diethyl-l,2-diaminopropane, N, N'- diethyl- 1, 3 diaminopropane, 



29 



N,N'-diethyl-l,2-diaininobutane, N,N' -diethyl-!, 3 -diaminobutane, 

N,N'-diethyl-l,4-diaminobutane, N,N'-diethyM,5-diaminopentane, 
N,N'-diethyl-l,6-diaminohexane, N,N'- diethyl-!, 7- diaminoheptane, 

piperadine, 2-inethylpiperadine, 2,5 - dim e thy Ipip era dine, 

2,6-dimethylpiperadine, homopiperadine, 1, 1 - di- (4 - pip eridyOm ethane, 
1 , 2 - di- (4-piperidyl)eth ane , 1,3- di- (4-pip eridyDp rop ane , 

l,4-di-(4-piperidyl)butane, tetr am ethyl -guanidine and the like. However, 
the mono- and polyamines are not Hmited to the compounds described 
above as the examples. The above compounds may be used singly or as a 
mixture or two or more. 

[0053] Specific examples of the preferable epoxy resin which can be 
added as the resin modifier include epoxy compounds deiived from 
phenols which are obtained by condensation reaction of polyhydiic 
phenols such as bisphenol A glycidyl ether and the like with epihalohydrin 
compounds; epoxy compounds derived from alcohols which are obtained by 
condensation of polyhydiic alcohols such as hydi'ogenated bisphenol A 
glycidyl ether and the like with epihalohydrin compounds^ epoxy 
compounds derived from glycidyl esters which are obtained by 
condensation of polybasic organic acid compounds such as 
3,4-epoxycylohexylmethyl 3',4'-epoxycyclohexanecarboxylate, 
1,2-hexahydi'o-phthahc acid diglycidyl ester and the hke with 
epihalohydrin compounds; epoxy compounds derived from amines which 
are obtained by condensation of primary and secondary diamine 
compounds with epihalohydrin compounds; aliphatic polyfvmctional epoxy 
compounds such as vinylcyclohexene diep oxide and the hke; and the like 
compounds. However, the epoxy resin is not limited to the compounds 



30 



described above as the examples. The epoxy resins may be used singly or 
as a mixture of two or more. 

[0054] Specific examples of the preferable mercaptoorganic acid 
compound include thioglycoHc acid, 3-mercaptopropionic acid, thioacetic 
acid, thiolactic acid, thiomalic acid, thiosalicylic acid and the like. 
However, the mercaptoorganic acid compound is not limited to the 
compounds described above as the examples. The mercaptooraganic acid 
compounds may be used singly or as a mixture of two or more, 
[0055] Specific examples of the preferable organic acid and organic acid 
anhydride include monofunctional organic acids such as organic acids 
derived from hydrocarbons such as formic acid, acetic acid, propionic acid, 
butyric acid, benzoic acid and the hke, monofunctional organic acids 
derived from these acids by substitution with halogens, nitro group, cyano 
group and the like^ acid anhydrides such as trifluoro acetic anhydride, 
chloroacetic anhydride, dichloro acetic anhydride, trichloroacetic 
anhydride, phthahc anhydiide, hexahydrophthahc anhydxide, 
methylhexahydi'o-phthalic anhydride, methyltetrahydrophthalic 
anhydi'ide, methyl-norbornenecarboxylic acid anhydride, 

methylnorbornanecarboxyhc acid anhydiide, maleic anhydride, trimellitic 
anhydride, pyromeilitic anhydiide and the like? difunctional organic acids 
such as phthahc acid, succinic acid and the like; organic acids ha\ang 
sulfur such as thiodigly colic acid, thiodipropionic acid, dithiodipropionic 
acid and the hke; and the like compounds. However, the organic acid 
and the organic acid anhydride are not limited to the compounds 
described above as the examples. The organic acids and the organic acid 
anhydrides may be used singly or as a mixture of two or more. 
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[0056] Specific examples of the preferable olefins include (nieth)acrylate 
compounds such as benzyl acrylate, benzyl methacrylate, butoxyethyl 
0 acrylate, butoxymethyl meth acrylate, cyclohexyl acrylate, cyclohexyl 
methacrylate, 2-hydroxyethyl acrylate, 2-hydi*oxyethyl meth acrylate, 
glycidyl acrylate, glycidyl methacrylate, phenoxy ethyl acrylate, 
phenoxyethyl methacrylate, phenyl methacrylate, ethylene glycol 
diacrylate, ethylene glycol dimeth acrylate, diethylene glycol diacrylate, 
diethylene glycol dimethacrylate, triethylene glycol diacrylate, triethylene 
glycol dimeth acrylate, tetraethylene glycol diacrylate, tetraethylene glycol 
dimeth acrylate, polyethylene glycol diacrylate, polyethylene glycol 
dimeth acrylate, neopentyl glycol diacrylate, neopentyl glycol 
dimethacrylate, ethylene glycol bisglycidyl acrylate, ethylene glycol 
bisglycidyl methacrylate, bisphenol A diacrylate, bisphenol A 
dimethacrylate, 2,2-bis(4-acryloxyethoxyphenyl)propane, 
2,2-bis(4-methacryloxyethoxyphenyl)prop ane, 
2 , 2 -bis(4 - acryloxy diethoxyph enyl)-p r op ane , 

2,2-bis(4-methacryloxydiethoxyphenyl)propane, bisphenol F diacrylate, 
bisphenol F dimethacrylate, 1, l-bis(4-acryloxyethoxy-phenyl)methane, 
l,l-bis(4-methacryloxyethoxyphenyl)methane, 
1 , 1 -bis(4-acryloxydiethoxyphenyl)m ethane, 

l,l-bis(4-methacryloxydiethoxyphenyl)-methane, dimethyl oltricyclodecane 
diacrylate, trim ethylolprop ane triacrylate, trimethylpropane 
trimethacrylate, glycerol diacrylate, glycerol dimethacrylate, 
pentaerythiitol triacrylate, pentaerythritol tetraacrylate, pentaerythritol 
tetramethacrylate, methyl thioacrylate, methyl thiomethacrylate, phenyl 
thioacrylate, benzyl thiometh acrylate, xylylenedi thiol diacrylate, 
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xylylenedithiol dimethacrylate, mercaptoethyl suifide diacrylate, 
mercaptoethyl sulfide dimethacrylate and the like; 

[0057] allyl compounds such as allyl glycidyl ether, diallyl phthalate, 
diallyl terephthalate, diallyl isophthalate, diallyl carbonate, diethylene 
glycol bisallyl carbonate and the hke; vinyl compounds such as styrene, 
chlorostyrene, methylstyrene, bromostyrene, dibroniostyrene, 
divinylbenzene, 3,9-divinylspirobi(m-dioxane) and the like; 
diisopropenyl-benzene; and the Kke compounds. However, the olefin is 
not limited to the compounds described above as the examples. The 
olefins may be used singly or as a mixture of two or more. 
[0058] Any of the several types of the resin modifiers described above 
may be used singly or as a mixture of two or more. 

[0059] The polymerizable composition of the present invention is 
polymerized in the presence or absence of a curing catalyst under heating 
or while being left standing at the ordinary temperature and a resin can 
be prepared. As the curing catalyst used in the present invention, 
amines other than the compounds used as compound (c) of the present 
invention, phosphines, Lewis acids, radical polymerization catalysts, 
cation polymerization catalysts and the Hke compounds are generally 
used. 

[0060] Specific examples of the preferable curing catalyst include 
aliphatic and aromatic tertiary amines such as trie thyl amine, 
tri-n-butylamine, tri-n-hexylamine, N,N-diisopropylethylamine, 
triethylene- diamine, triphenyl amine, N,N-dimethylethanolamine, 
N,N-diethyl-ethanolamine, N,N-dibutylethanolamine, triethanolamine, 
N-ethyl-diethanolamine, N,N-dimethylbenzylamine, 
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N,N-diethylbenzylamine, tribenzyl amine, N-methyldibenzylamine, 
N,N-dimethylcyclohexylamme, N,N-diethylcyclohexylamine, 
N,N-dimethylbutylamine, N-methyl-dicyclohexylamine, 
N - methy Imorpholine , N -isop rop ylmorp holine , p y ridiiie , quin oliiie , 
N,N-dimethylaniline, N,N- diethyl aniline, a% p- and y-picolines, 
2,2'-bipyridyI, 1,4-dimethylpiperadiue, dicyandiamide, 

tetramethyl-ethylenediamine, hexamethylenetetramine, 
l,8-diazabicyclo(5,4,0)-7-undecene, 

2,4,6-tris(N,N-diniethylaminomethyl)phenol and the like, phosphines such 
as tiimethylphosphine, triethylphosphine, tri-n-propylphosphine, 
tiiisopropylphosphine, tri-n-butylphosphine, triphenyl-phosphine, 
ti'ibenzylphosphine, l,2-bis(diphenylphosphino)ethane, 
l,2-bis(dimethylphosphino)ethane and the likeJ Lewis acids such as 
dimethyltin dichloride, dibutyltin dichloride, dibutyltin dilaurate, 
tetrachlorotin, dibutyltin oxide, zinc chloride, zinc acetylacetonate, 
aluminum chloride, aluminum fluoride, triphenylaluminvim, 
tetrachloro titanium, calcium acetate and the like J radical polymerization 
catalysts such as 2,2'-azobis(2'cyclopropylpropionitrile), 

2 ,2' - azobis(4-methoxy - 2 A- diem ethyl valeronitrile) , 

2,2'-azobis(2,4-dimethylvaleronitrile), t'butylperoxy 2-etbylhexanoate, 
n -butyl 4,4'-bis(t-butylperoxy)valerate, t-butyl peroxybenzoate and the 
like; and cationic polymerization catalysts such as diphenyliodonium 
hexafluorophosphate, diphenyhdonium hexafluoroarsenate, 

diphenyliodonium hexafluoroantimanate, triphenyl-sulfonium 

tetrafluoroborate, triphenylsulfonium hexafluorophosphate, 

triphenylsulfonium hexafluoroarsenate and the like. Howev^er, the 
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curing catalyst is not limited to the compounds described above as the 
examples. 

[0061] The curing: catedysts may be used singly or as a mixture of two or 
more. The amount of the curing catalyst added to the composition is in 
the range of 0.001 to 10% by weight and preferably in the range of 0,01 to 
1% by weight of the total amount by weight of the composition comprising 
the epoxy compound or the episulfide compound represented by formula 
(l). When the amount of the curing catalyst is less than 0,001% by 
weight, the effect of the curing catalyst is small and insufficient 
polymerization occasionally takes place. When the amount exceeds 10% 
by weight, problems such as a decrease in pot life and deterioration in 
transparency, optical properties or weather ability may occasional arise. 
[0062] The typical process of polymerization for obtaining the resin of 
the present invention such as plastic lenses is polymerization by casting. 
Into a cavity in a mold held by gaskets or tapes, the polymerizable 
composition of the present invention is cast, where necessary, after mixing 
with the curing catalyst and the resin modifier. It causes no problems 
that additional treatments such as degassing are conducted before or after 
the casting, where necessary. 

[0063] Then, the polymerizable composition is cured by heating in an 
apparatus which can be heated such as an oven or in water and the resin 
obtained by the curing can be taken out. 

[0064] The process and the conditions of the polymerization for obtaining 
the resin of the present invention are varied depending on the type and 
the amount of the used curing catalyst and the hke and the type and the 
relative amounts of the monomers and cannot be generally decided. 
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[0065] The condition of the polymeiization of the polymerizable 
composition of the present invention which has been placed into the mold 
by heating is varied to a gi'eat extent depending on the type of compound 
(a), compound (b) and compound (c), the type of the resin modifier, the 
type of the curing catalyst, the shape of the mold and the hke and cannot 
be hmited. The polymerization is conducted by heating at a temperature 
of about -50 to 200^*0 for about 0.1 to 100 hours. 

[0066] In some cases, an advantageous result can be obtained by 
polymerizing the composition for 1 to 80 hours while the temperature is 
maintained or gradually raised in the range of 10 to 150°C. 
[0067] It is also possible that the polymerization time of the 
polymerizable composition of the present invention is decreased by 
irradiating the composition by ultraviolet Hght or the hke. In this case, a 
curing catalyst or the hke such as a radical polymerization catalyst or the 
hke may be added. 

[0068] When the resin of the present invention is molded, various 
substances such as chain extenders, crosslinking agents, light stabilizers, 
ultraviolet hght absorbents, antioxidants, agents for preventing coloring 
which are not used in the present invention, dyes, fiUers, internal and 
external mold releases, internal and external adhesion improvers, 
compounds having hydi'oxyl gi'oup as the agents for improving tint 
performance and the like may be added or used for treating the resin in 
accordance with the object in a manner similar to conventional molding 
processes. 

[0069] The molded resin which is taken out may be treated by annealing, 
where necessary. The resin of the present invention can be formed into 
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molded articles having various shapes by suitably selecting: the mold in 
the polymerization by casting and can be used for various applications 
such as optical materials such as spectacle lenses, camera lenses, light 
emitting diodes (LED) and the like and as a transparent resin. In 
particular, the resin is advantageously used as optical materials such as 
spectacle lenses, camera lenses and the like. 

[0070] The lens obtained by using the optical material of the present 
invention may be subjected to physical and chemical treatments such as 
surface polishing, antistatic treatments, hard coat treatments, coating 
treatments for preventing reflection, tinting treatments and the like to 
achieve improvements such as prevention of reflection, achieving a high 
hardness, improvement in wear resistance, improvement m chemical 
resistance, prevention of clouding, improvement in variety in the faslnon 
and the hke, where necessary. 
[0071] 

[Example] In the following, the present invention will be described more 
specifically with reference to examples. Among vaiious properties of an 
obtained resin, the refractive index, the Abbe number, the heat resistance, 
the impact resistance and the tint performance were evaluated in 
accordance with the following methods. 

[0072] Refractive index (nd) and Abbe number (vd): The refractive index 
and the Abbe number were measured at 20 °C using a Puifrich 
refractometer. 

Heat resistance- Tg was measured in accordance with the TMA 
penetration method (the load- 50 g; the size of the tip of the pin' 0.5 mm^: 
the speed of temperature elevation: lO^'C/min). 
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Impact resistance^ The impact resistance was measured by 
di'opping iron balls having various weights on the central portion of a 
prepared lens from the height of 127 cm. The maximum weight of the 
ball which did not cause fracture of the lens was used as the impact 
resistance. The lens had a thickness of 1.00 mm at the central portion- 
Tint performance : A resin molded to a plate shape having a 
thickness of 9 mm was treated vnth an aqueous solution prepared by 
dissolving disperse dyes for lenses, i.e., 1.5 g of "MLP-Blue", 2.0 g of 
"MLP-Yellow" and 1.5 g of "MLP-Red'\ which were manufactured by 
Mitsui Toatsu Senryo Co., Ltd., in 1000 ml of pure water at 90°C for 5 
minutes. The treated resin was visually observed and evaluated in 
accordance wdth the following criteria : poor, when the tint was poor; fair, 
when some tint was found; good, when the tint was improved; and 
excellent, when the tint was excellent. 

[0073] Among the compounds used as compound (a) in Examples and 
Comparative Examples, bis(2,3-epithiopropyl) disulfide will be referred to 
as compound (A), bis(2,3-epithiopropyl) sulfide will be referred to as 
compound (B) and 4,8- (or 5,7- or 

4,7-)bis(4,5-epithio-2-thiapentyl)-l,ll-bis(3,4-epithio-l-thiabutyl)-3,6,9-trit 
hiaundecane will be referred to as compound (C). 

[0074] Among the compounds used as compound (b), m-xylylene 
diisocyanate will be referred to as compound (D), 
diisocyanatomethyl-bicycloheptane wiH be referred to as compound (E), 
bis (isocy an atomethyl) -methane will be referred to as compound (F), 
phenyl isocyanate will be referred to as compound (G) and cyclohexyl 
isocyanate will be referred to as compound (H). 
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[0075] Among the compounds used as compound (c), 

4-mercaptomethyl-l,8-dimercapto-3,6-dithiaoctane wnh be referred to as 
compound (I), 4,7- (or 4,8- or 

5,7-)dimercaptomethyl-l,ll-dimercapto-3,6,9-trithiaundecane wdll be 
referred to as compound (J), 1,2,3-trimercaptopropane will be referred to 
as compound (K), 2,5-dimercapto-l,4-dithiane will be referred to as 
compound (L), 2,3-dimercapto-l-propanol wiR be referred to as compound 
(M), m-xylylene diamine will be referred to as compound (N) and 
benzylamine will be referred to as compound (O). 
[0076] Example 1 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (I) as compound (c), 200 mg of N,N-dimethylcyclohexylamine 
and 95 mg of acetic acid were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 50 mg of "ZelecUN" 
(manufactured by Du Pont Company, an acidic phosphoric acid alkyl 
ester) as the internal mold release and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture imder stirring, 10.8 g of 
compound (D) as compound (b) was added di'opwise and the mixture was 
stirred. The obtained mixture was degassed in vacuo for 0.4 hours, 
filtered through a 3 jam fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperature of the mold was 
gradually raised from 30°C to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
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transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0077] Example 2 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g: of 
compound (J) as compound (c), 200 mg of N,N-dimethylcyclohexylamine 
and 95 mg of acetic acid were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 50 mg of "ZelecUN"' 
(manufactured by Du Pont Company, an acidic phosphoric acid alkyl 
ester) as the internal mold release and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture under stirring. 10.2 g of 
compound (D) as compound (b) was added dropwise and the mixture was 
stirred. The obtained mixture was degassed in vacuo for 0.4 hours, 
filtered through a 3 \im fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperature of the mold was 
gi-adually raised from 30°C to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0078] Example 3 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (K) as compound (c), 200 mg of N,N-dimethylcyclohexylamine 
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and 95 mg of acetic acid were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 50 mg of ' ZelecUN ' 
(manufactured by Du Pont Company, an acidic phosphoric acid alkyl 
ester) as the internal mold release and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture under stirring, 20.1 g of 
compound (D) as compound (b) was added drop wise and the mixture was 
stirred. The obtained mixture was degassed in vacvio for 0.4 hovirs, 
filtered through a 3 jam fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperatxire of the mold was 
gi-adually raised from 30 °C to 120 °C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0079] Example 4 

Compound (A) as compound (a) in an amount of 100 g, lO.O g of 
compound (L) as compound (c), 200 mg of N,N -dime thy Icy clohexyl amine 
and 95 mg of acetic acid were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 50 mg of "ZelecUN" 
(manufactured by Du Pont Company, an acidic phosphoric acid alkyl 
ester) as the internal mold release and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture under stirring, 8.8 g of 
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compound (D) as compound (b) was added dropwise and the mixture was 
stirred. The obtained mixture was degassed in vacuo for 0.4 hours, 
filtered through a 3 i^m fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperature of the mold was 
gi-adually raised from 30°C to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0080] Example 5 

Compound (A) as compound (a) in an amount of 100 g, 5 g of 
compound (O) as compound (c) and 200 mg of 
N.N- dim ethylcycl oh exyl- amine were sufficiently mixed together. To the 
resultant mixture, 200 mg of l-n-butoxy-2-i:)ropyl phosphate which is an 
acidic phosphoric acid alkyl ester and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture under stirring, 4.4 g of 
compound (D) as compound (b) was added dropwise and the mixture was 
stirred. The obtained mixture was degassed in vacuo for 0.4 hours, 
filtered through a 3 |j.ni fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperature of the mold was 
gi-aduaUy raised from 30°C to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
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obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0081] Example 6 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N-dimethylcyclohexyl- amine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of 
l-n-butoxy-2 -propyl phosphate as the internal mold release and 400 mg of 
"Biosorb 583" (manufactured by Kyodo Yakuhin Co., Ltd.) as the 
ultraviolet light absorbent were added. To the resultant mixture under 
stirring, 10.2 g of compound (D) as compound (b) was added dropwise and 
the mixture was stirred. The obtained mixture was degassed in vacuo for 
0.4 hours, filtered through a 3 |Lim fluororesin filter and cast into a mold 
which was composed of a glass mold and gaskets. The temperature of the 
mold was gi*adually raised from 30°C to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hotirs. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0082] Example 7 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
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N,N-dimethylcyclohexyl-ainine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of 
l-n'butoxy-2-propyl phosphate as the internal mold release and 400 mg of 
"Biosorb 583" (manufactured by Kyodo Yakuhin Co., Ltd.) as the 
ultraviolet light absorbent were added. To the resultant mixture under 
stirring, 11.2 g of compound (E) as compound (b) was added drop wise and 
the mixture was stirred. The obtained mixture was degassed in vacuo for 

0- 4 hours, filtered through a 3 |j,m fluororesin filter and cast into a mold 
which was composed of a glass mold and gaskets. The temperature of the 
mold was gi*adually raised from 30*^0 to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, shoudng no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 

[0083] Example 8 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N- dim ethylcyclohexyl- amine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of 

1- n-butoxy-2-propyl phosphate as the internal mold release and 400 mg of 
"Biosorb 583' (manufactured by Kyodo Yakuhin Co., Ltd.) as the 
ultraviolet Ught absorbent were added. To the resultant mixture under 
stirring, 10.3 g of compound (F) as compound (b) was added dropwise and 
the mixture was stirred. The obtained mixture was degassed in vacuo for 
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0.4 hours, filtered through a 3 (am fluororesin filter and cast into a mold 
which was composed of a glass mold and gaskets. The temperature of the 
mold was gi-adually raised from SCC to 120°C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0084] Example 9 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compovmd (c) and 200 mg of 
N,N- dim ethylcyclohexyl- amine were sufficiently mixed together. To the 
resultant mixture, 400 mg of "Biosorb 583" (manufactured by Kyodo 
Yakuhin Co., Ltd.) as the ultraviolet light absorbent was added. To the 
resultant mixture under stirring, 13.0 g of compound (G) as compound (b) 
was added di'opwise and the mixture was stirred. The obtained mixture 
was degassed in vacuo for 0.4 hours, filtered through a 3 |.im fluororesin 
filter and cast into a mold which was composed of a glass mold and 
gaskets. The temperature of the mold was gradually raised from 30''C to 
120 °C and the polymerization was conducted for 10 hours. After the 
polymerization was completed, the mold was slowly cooled and the resin 
was taken out of the mold. The obtained resin was annealed at 120°C for 
2 hours. The obtained lens was transparent, showing no turbidity. The 
results of evaluation of the physical properties, the impact resistance and 
the tint performance are shown in Table 1. 
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[0085] Example 10 

Compound (A) as compound (a) in an amount of 100 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N -dime thy Icyclohexyl- amine were sufficiently mixed together. To the 
resultant mixture, 400 mg of "Biosorb 583'' (manufactured by Kyodo 
Yakuhin Co., Ltd.) as the ultraviolet light absorbent was added. To the 
resultant mixture under stirring, 13.6 g of compound (H) as compound (b) 
was added drop wise and the mixture was stirred. The obtained mixture 
was degassed in vacuo for 0.4 hours, filtered through a 3 ^im fluororesin 
filter and cast into a mold which was composed of a glass mold and 
gaskets. The temperature of the mold was gradually raised from 30°C to 
120°C and the polymerization was conducted for 10 hovirs. After the 
polymerization was completed, the mold was slowly cooled and the resin 
was taken out of the mold. The obtained resin was annealed at 120°C for 
2 hours. The obtained lens was transparent, showing no turbidity. The 
results of evaluation of the physical properties, the impact resistance and 
the tint performance are shown in Table 1. 
[0086] Example 11 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N-dLmethylcyclohexyl-amine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of 
l-n-butoxy-2-propyl phosphate as the internal mold release and 400 mg of 
"Biosorb 583" (manufactured by Kyodo Yakuhin Co., Ltd.) as the 
ultraviolet Hght absorbent were added. To the resultant mixture under 
stirring, 5.1 g of compound (D) as compound (b) was added dropwise and 
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the mixture was stirred. The obtained mixture was deg:assed in vacuo for 
0.4 hours, filtered through a 3 jum fluororesin filter and cast into a mold 
which was composed of a glass mold and gaskets. The temperature of the 
mold was gradually raised from 30°C to 120*^0 and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0087] Example 12 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 nig of 
N,N- dim e thylcycl oh exyl- amine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of 
1-n-butoxy- 2 -propyl phosphate as the internal mold release and 400 mg of 
"Biosorb 583'' (manufactured by Kyodo Yakuhin Co., Ltd.) as the 
ultraviolet light absorbent were added. To the resultant mixture under 
stirring, 5.6 g of compound (E) as compound (b) was added dropwise and 
the mixture was stirred. The obtained mixture was degassed in vacuo for 
0.4 hours, filtered through a 3 |am fluororesin filter and cast into a mold 
which was composed of a glass mold and gaskets. The temperature of the 
mold was gi'adually raised from 30°C to 120^C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120°C for 2 hours. The obtained lens was 
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transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0088] Example 13 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N;N-dimethylcyclohexyl- amine were sufficiently mixed together. To the 
resultant mixture, 10 mg of dibutyltin dichloride, 200 mg of n-butoxy-2- 
propyl phosphate as the internal mold release and 400 mg of "Biosorb 583" 
(manufactured by Kyodo Yakuhin Co., Ltd.) as the ultraviolet light 
absorbent were added. To the resultant mixture under stirring, 5.2 g of 
compound (F) as compound (b) was added drop wise and the mixture was 
stirred. The obtained mixture was degassed in vacuo for 0.4 hours, 
filtered through a 3 |Ltm fluororesin filter and cast into a mold which was 
composed of a glass mold and gaskets. The temperature of the mold was 
gradually raised from 30°C to 120*'C and the polymerization was 
conducted for 10 hours. After the polymerization was completed, the 
mold was slowly cooled and the resin was taken out of the mold. The 
obtained resin was annealed at 120''C for 2 hours. The obtained lens was 
transparent, showing no turbidity. The results of evaluation of the 
physical properties, the impact resistance and the tint performance are 
shown in Table 1. 
[0089] Example 14 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N- dime thyicyclohexyl- amine were sufficiently mixed together. To the 
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resultant mixture, 400 mg of "Biosorb 583" (manufactured by Kyodo 
Yakuhin Co., Ltd.) as the ultraviolet light absorbent was added. To the 
resultant mixture under stirring, 6.5 g of compound (G) as compound (b) 
was added drop wise and the mixture was stirred. The obtained mixture 
was degassed in vacuo for 0.4 hours, filtered through a 3 ^tni fluororesin 
filter and cast into a mold which was composed of a glass mold and 
gaskets. The temperature of the mold was gi*a dually raised from 30 °C to 
120°C and the polymerization was conducted for 10 hours. After the 
polymerization was completed, the mold was slowly cooled and the resin 
was taken out of the mold. The obtained resin was annealed at 120 °C for 
2 hours. The obtained lens was transparent, showing no turbidity. The 
results of evaluation of the physical properties, the impact resistance and 
the tint performance are shown in Table 1. 
[0090] Example 15 

Compound (A) as compound (a) in an amount of 100 g, 10.0 g of 
compound (J) as compound (c) and 200 mg of 
N,N-dimethylcyclohexyl-amine were sufficiently mixed together. To the 
resultant mixture, 400 mg of ''Biosorb 583" (manufactured by Kyodo 
Yakuhin Co., Ltd.) as the ultraviolet light absorbent was added. To the 
resultant mixture under stirring, 6.8 g of compound (H) as compound (b) 
was added dropwdse and the mixture was stirred. The obtained mixture 
was degassed in vacuo for 0.4 hours, filtered through a 3 f-tm fluororesin 
filter and cast into a mold which was composed of a glass mold and 
gaskets. The temperature of the mold was gradually raised from 30''C to 
120°C and the polymerization was conducted for 10 hours. After the 
polymerization was completed, the mold was slowly cooled and the resin 
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was taken out of the mold. The obtained resin was annealed at 120°C for 
2 hours. The obtained lens was transparent, showing no turbidity. The 
results of evaluation of the physical properties, the impact resistance and 
the tint performance are shown in Table 1. 
[0091] Comparative Example 1 

To 100 g of compound (A) as compound (a), 0.2 g of 
N,N-dimethylcyclohexylamine as the cuiing catalyst was added without 
mixing any of compound (b) and compound (c). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 f,un 
fluororesin filter and cast into a mold which was composed of a glass mold 
and gaskets. The temperature of the mold was gradually raised from 
30°C to 120°C and the polymerization was conducted for 12 hours. After 
the polymeiization was completed, the mold was slowly cooled and the 
resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens w^as transparent, shomng no 
turbidity. The res\ilts of evaluation of the physical properties, the impact 
resistance and the tint performance are shown in Table 1. 
[0092] Comparative Example 2 

To 100 g of compound (B) as compound (a), 0.2 g of 
N,N-dimethylcyclohexylamine as the cuiing catalyst was added without 
mixing any of compound (b) and compound (c). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 pmi 
fluororesin filter and cast into a mold which was composed of a glass mold 
and gaskets. The temperature of the mold was gradually raised from 
30°C to 120°C and the polymerization was conducted for 12 hours. After 
the polymerization was completed, the mold was slowly cooled and the 
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resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was transparent, showing no 
turbidity. The results of evaluation of the physical properties, the impact 
resistance and the tint performance are shown in Table 1. 
[0093] Comparative Example 3 

To 100 g of compound (C) as compound (a), 0.2 g of 
N,N-dimethylcyclohexylamine as the curing catalyst was added without 
mixing any of compound (b) and compound (c). The obtained mixture 
w^as stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |Lim 
fluororesin filter and cast into a mold which w^as composed of a glass mold 
and gaskets. The temperature of the mold w^as gradually raised from 
30°C to 120^C and the polymerization was conducted for 12 hours. After 
the polymerization w^as completed, the mold w^as slowiy cooled and the 
resin w^as taken out of the mold. The obtained resin w^as annealed at 
120°C for 2 hours. The obtained lens w^as transparent, showing no 
turbidity . Th e results of ev alu ation of th e physic al p rop erti e s , th e imp act 
resistance and the tint performance are show^n in Table 1. 
[0094] Comparative Example 4 

To 100 g of compound (A) as compound (a), 10.0 g of compound (I) 
as compound (c) and 0.2 g of N,N-dimethylcyclohexylamine as the curing 
catalyst were added without mixing compound (b). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |.Lm 
fluororesin filter and cast into a mold w^hich w^as composed of a glass mold 
and gaskets. The temperature of the mold w^as gradually raised from 
30°C to 120°C and the polymerization w^as conducted for 12 hours. After 
the polymerization w^as completed, the mold w-as slowiy cooled and the 
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resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was transparent, showing no 
turbidity. The results of evaluation of the physical properties, the impact 
resistance and the tint performance are shown in Table 1. 
[0095] Comparative Example 5 

To 100 g of compound (A) as compound (a), 10.0 g of compound (J) 
as compound (c) and 0.2 g of N,N-dimethylcyclohexylamine as the curing 
catalyst were added without mixing compound (b). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |.un 
fluororesin filter and cast into a mold which was composed of a glass mold 
and gaskets. The temperature of the mold was gradually raised from 
30 °C to 120°C and the polymerization was conducted for 12 hours. After 
the polymerization was completed, the mold was slowly cooled and the 
resin was taken out of the mold The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was transparent, showing no 
turbidity. The results of evaluation of the physical properties, the impact 
resistance and the tint performance are showai in Table 1. 
[0096] Comparative Example 6 

To 100 g of compound (A) as compound (a), 10.0 g of compound (M) 
as compound (c) and 0.2 g of N,N-dimethylcyclohexylamine as the curing 
catalyst w^ere added without mixing compound (b). The obtained mixture 
w^as stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |_tm 
fluororesin filter and cast into a mold w^hich w^as composed of a glass moid 
and gaskets. The temperature of the mold w^as gradually raised from 
30°C to 120°C and the polymerization w^as conducted for 12 hours. After 
the polymerization was completed, the mold w^as slowdy cooled and the 
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resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was transparent, sho\^dng no 
turbidity. The results of evaluation of the physical properties, the impact 
resistance and the tint performance are shown in Table 1. 
[0097] Comparative Example 7 

To 100 g of compound (A) as compound (a), 10.0 g of compound (O) 
as compound (c) and 0.2 g of N,N- dim ethylcyclohexyl amine as the curing 
catalyst were added without mixing compound (b). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |_im 
fluororesin fQter and cast into a mold which was composed of a glass mold 
and gaskets. The temperature of the mold was gradually raised from 
30°C to 120°C and the polymerization was conducted for 12 hours. After 
the polymerization was completed, the mold was slowly cooled and the 
resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was transparent, sho\\dng no 
turbidity. The results of evaluation of the physical properties, the impact 
resistance and the tint performance are shown in Table 1. 
[0098] Comparative Example 8 

To 100 g of compound (A) as compound (a), 10.0 g of glycerol as 
compound (c) and 0.2 g of N,N-dimethylcyclohexylamine as the curing 
catalyst were added without mixing compound (b). The obtained mixture 
was stirred, degassed in vacuo for 0.4 hours, filtered through a 3 |.im 
fluororesin filter and cast into a mold which was composed of a glass mold 
and gaskets. The temperature of the mold was gradually raised from 
30°C to 120''C and the polymerization was conducted for 12 hours. xAfter 
the polymerization was completed, the mold was slowly cooled and the 
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resin was taken out of the mold. The obtained resin was annealed at 
120°C for 2 hours. The obtained lens was not transparent but turbid. 
The results of evaluation of the physical properties, the impact resistance 
and the tint performance are shown in Table 1. 
[0099] 
[Table l] 



54 



'1 able 1 - 1 











NJ( ^f") ^rv^ 11 1 1 ^ 


' 1 i ' 1 1 \ ' /I 




compound (a) 


compound (b) 


compound (c) 


/ opisuUulo 


Ii>(h'oiron 












l^l'Olip / 












NCO irroup 










rat io hv 


I'aiio by 










m M 1 p 

1 


in (lie 


Example 1 


compound (A) 


compound (D) 


compound (I) 


0.121 


1.003 


Example 2 


compound (A) 


compound (D) 


compound (J) 


0.1 lo 


I.OOG 


Example 3 


compound CA) 


comj^ound (D) 


com]K)und (Jv) 


0.22o 


1.001 


Example 4 


compound (A) 


compound (D) 


t:omi)ound (L) 


0.0991 


1.007 


Exami)le 5 


compound (A) 


comj)oimd (D) 


compound (()) 


0.04f)i 


0.f)f)8 


Example G 


compound (A) 


compoimd (D) 


comp{Jund iA) 


0. 1 1 T) 


1.000 


Example 7 


compound (A) 


comixmnd (E) 


compound (A) 


0. 1 15 


1.004 


Example 8 


compound (A) 


comiK)und (F) 


compound (d) 


0. 1 15 


1.007 


Lxample v 


compound (A) 


compountt Uj^ 


compound vJ) 


0. 1 lo 


1.000 


Example 10 


compound (A) 


compound (H) 


compound (d) 


0. 1 15 


1.004 


Example 11 


compound (Ad 


compound (D) 


compound GJ) 


0.0574 


2.013 


Exami)le 12 


compound (A) 


compound (E) 


compound (d) 


0.0574 


2.009 


Example 


com]xmnd (A) 


compound (F) 


com}>ound (A) 


0.0574 


E!)95 


Exam|)lo 14 


comi)ound (A) 


compound (( 0 


comt)ound (rl) 


0.0574 


2.000 


Example \o 


compound (A) 


compound (11) 


compound (J) 


0.0574 


2. 008 



55 



Table 1 - 2 





Refractive 
index 
nd 


Abbe 
number 
\'(1 


Heat 
resistance 


Impact 
resistance 


MMnt 

performance 


hxMmple 1 


1. 12( 


88 


/(> 


82 


excel lent 


Example 2 


1.728 


88 


80 


82 


excel Ion 1 


Example 3 


1. /29 


88 


79 


82 


excel Ion ( 


Example 4 


1.725 


88 


72 


82 


excellent 


Example o 


1.715 


82 


72 


IG 


excellent 


Example 6 


1. /2S 


88 


S2 


82 


excellent 


Example / 


1. (28 


84 


84 


82 


excollen t 


Example 8 


1.780 


88 


10 


82 


excel ion \ 


Example 9 


1.724 


82 


72 


82 


excellent 


Example 10 


1.709 


84 


74 


82 


excellent 


Example 1 1 


1.729 


82 


80 


IG 


<r()(Kl 


Example 12 


1.724 


88 


81 


IG 


l^ckkI 


Example 18 


1.782 


84 


78 


IG 




Example 14 


1.725 


82 


78 


8 




Examjjle 15 


1.712 


88 


70 


8 





[0100] 



56 



Tablo 2 - I 



N(X) i^niup rurlivo 

compound GO compt)un(l (b) compound (c) / episiilf'ido hydrt),iron 

i^roup irroup / 

N(X) ^roup 
rMt K) by rnt io by 
mole molo 



ComparHtive 
Example 1 


compound (A) 


none 


none 


Comparative 
Example 2 


compound (B) 


none 


none 


Comparative 
Example 


compound (C) 


none 


none 


Comparative 
Example 4 


compound C\) 


none 


com])ound (1) 


Comparative 
Example 5 


compound (A) 


none 


compound (J) 


Comparative 
Example G 


compound (A) 


none 


comi)OLmd (M) 


Comi)arafive 
Example 7 


compound (A) 


non e 


com))oun(l (()) 


C-omparative 
Exami)le 8 


com])ound (A) 


non e 


irl>'cerol 



57 



Table 2 - 2 





Refractive 
mdex 
nd 


Abbe 
number 
\(1 


1-1 eat 
resist a nee 
(T-.°(^) 


Impact 
resistance 


'I'int 

i' 

l>eru)rmanco 


Comptirative 
Exnmple 1 


1.739 


34 


92 


4 


poor 


Comparative 
Example 2 


1.708 


3G 


82 


4 


poor 


Com])arat ive 
Example 3 


1.7U 


3G 


lOo 


G 


poor 


Com])aralive 
Exam])le 4 


1.732 


•M 


80 


(i 


poor 


Exam])le 5 


1 . 1 ' > ill 


'^A 
• 






p(.)t>r 


Comparative 
Example G 


1.729 


34 


80 


() 


fa i r 


Comparative 
Example 7 


1.727 


33 


78 


(J 


poor 


Compara tive 
Example 8 


white 
curb id 











58 



[0101] 
[Effect of the Invention] 

In accordance with the present invention, a transparent resin 
exhibiting excellent impact resistance and tint peiformance is obtained 
while the refractive index and the Abbe number are maintained at high 
values. This resin contributes to decreasing the thickness and enhancing 
variety in the fashion of lenses in the field of spectacle lenses, 
[0102] It is made possible by using the resin obtained by polymerizing 
and curing the polymerizable composition of the present invention that a 
resin having a sufficiently high refractive index and an Abbe number in 
an excellent balance is provided with excellent impact resistance and tint 
performance. This result cannot be obtained in accordance with 
conventional technologies. 
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2, 2-t";^ (2, 3-xl:^;^ynt:°;i/5^7)') 
-1, 3-t'X(2, 3 -xt:^:^-:3°D t°;U^:t>t^ 
;u) -fu^<>, 2. 2-lix (2, S-xe^Tj-ynt: 
;L/^7l->t^;U) -1- (2. 3 -xt"^7ryp e/L/^ 
tT) y^fV, 1. S-fX (2. 3-xt''^:t:;^n tVl/ 
^it) -2- (2, 3-xt''^:tyot:'';i/^:t^^;U) 
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-3-^r'-5>^'>. 1, S-b'x (2, 3-xt:"^^ 
ynt";i/^^) -2. 4-t:'X (2, 3-xt*^:^:?^o 

t";i/^?4->^;i/) -3-^7--?>i'>. 1- (2» 3- 

xe^^^D f;U^;4-) -2. 2 -fx (2, 3-xe 

□ ti;i/^:t>5^;i/) -4-^r^^-9->, i, 

5. 6-hiJX {2, 3 -xt'^:^-:^ D t";U5^:^) -4 

- (2, S-xf^Tjr^'D t°;u^3j-:^^;u) -3-^T 
^^-y-^, 1. 8 -fx (2. 3 -xt°^7r3?°n f 

^) -4- (2, 3 -xtc-^JtT^o tVl/^^>^;L/) - 
10 3, 6 -iy^y:t5' 3^ 1, 8 - t'X (2, 3-Xt° 
^;tyD t'';t/^;t) -4, 5-fx (2. 3-xe^;t 
ynb:°;b^^y^;u) - 3. 6 -i/^y^J-i? 3? v, l. 
8-fx (2. 3-xf f-^>^a f;i/^;t) -4, 4- 
t'X (2, 3 -xt'^^^-^D k:°;i/^:^ -3, 6 
V, 1, 8-liX (2. 3-xf^;t:3f 
ot:;L/^:t) -2, 5-fx (2, 3-xt"^^>^nt: 
;i>^7jr>^;i/) -3, G-iy^TitOSy, 1. 8 - f 
X (2, 3-xe^^:/oti;i/^^) -2, 4. 5-h 
'jx (2. 3 -xtf^^^-yn f -3.6 
20 -i/'^yilO 91^. 1, 1, 1-^UX ( [2- (2, 
3 -xf f x^Vl/] -2 

- (2, 3 -X e^:t:?°n t:";U^:*) x^^v, 1, 1, 
2, 2-xh5=^rX { [2- (2, 3-xf^:t7''De 
Vb^^f) x^;b] x^i >. 1. 11 -fx 

{2, 3 -xf f ;U^;t) -4, 8-fX 

C2, 3 -xt"^:^ f ;b^:t;<^JU) -3, 6, 9 

- h'J^7'^>^":^>. 1 . 1 1-f X (2. 3-xf 
^3ryaf;i/5^7i-) -4, 7-fX (2, S-xtr^TT 
:f □ fyt/^Tj-y ^;[/) -3, 6. 9 - h 'J v-r":* 

30 >. 1, 11 -fx (2, 3 -xh:"5^;^-3^n tVb^:^) 
-5, 7- fx (2. 3 -xt''^;^:;^D f;i/^;t:?t ^ 

-3, 6. ^~'Vn^y^:y^^>m(nmm%mm. 
(m, 3 -xf ^7r:?*'n f;L/^>4-{b^it^. 

[0023] 1, 3- fx (2, 3 -X t°^;^yD f;U 
i/i? D-^^-9->, 1, 4-fX (2, 3-xf^ 
;4-3^af;V^^) i^i? D'N^-y-V, 1, 3-fX (2, 
3-xt*'^?J-rnf;u^?i-;.t^;i/) i/^ n-^^^-y-v, 
1, 4-fX(2, 3 -xti^Trya f jt^yu) 
'Vi? n^^^-yv, 2, 5-fx (2, S-xf^Tl-yn 
40 f;t/^;t>^;i/) -1, 4-'y^y>, 2. 5-fx 

{ [2- (2, S-xe^^ynf;!/^^) x^yi/] ^ 
^f;*^;!/) -1, 4->>'^7>, 2. 5-fx (2, 3 
-xt:"^:^yn f;i/?-:t>^;i/) -2, 5-i;^^^yu- 
1, 4-'>^^7>^0)mmmt^0)2. 3-xt"^:ty 

a f ;i/5^;*-^b^1^. St>^ i. 2 -fx (2. 3-xf 
^Tj-^D fvH^^i^-) 1. 3-fx (2, 3- 

xtr^^J-^To f -^y-fe'v, 1, 4-fx (2, 

axtr^Tj-yn fyu^Ti-) i. 2-fx 

(2, 3 -xf ^:t7°D f ;L/^5}->5^;i/) ^>-bf>, 
50 1, 3-fx (2, 3 -X t'^^:?°n f yb^?r>^;b) 



[002 5] ^^-y-;*^b>->>'>r Vv^T^- h, 2. 2 
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^y-tfv- 1, (2, 3-xt"^;tyD tVu^ 

:^>t^;i/) ^v-lzV. t'X [4~ (2, 

a^'jy^Tfr) Vjl-M 2, [4- 

(2, 3 -X t°^^:/D tVl/5^7J-) yov^" 
t'>^ [4- (2, 3-xe^3ryQ t";!/^:^) :? x 
x;u:?^ K, llX [4- (2, 3-xt:^:^3^D 
t:;i/5^^) :?x-Vi/] >?.;L/:7 7r v, 4,4' -t::^ 
(2, 3 -xt'^Jl-yn tVi/^;*-) f^'xXVi/^c^D^^ 
^2, 3-xe^7ryDti;i/^^fb^#i^. Mtc3-> 
h^n t°U'>x;u:7-r K. 4 - ^iuyjy h^J^-r > 

^^m^L^^it^mtLx^t, t'A (2, 3-xe 

^^^'P fyu) x;L/7>f K3^t>t:x (2, 3-xt:^:^r 
yptVi/) i^7.Ji^y^ KT-fe^o l:*;^^Lt^fb^4^i: 
urii, fx (2. 3 -xf ^^yp ix"x;b:7>r 

[0 0 24] ^m^O:>it^'^ (b) LMt(Dh L '/O 

n - ^''p f;i/>r y '>77f-— Y y yp fyiz-r uyr-r 

— b. n y '>7t^- sec-y^;t/Yy 

'>7^— t e r t — 7'^JU'< y '>Ti-— h, -^V^ 

;L/-r y i>'T^- h, ^^i^^u-fy-VT-rr-h, 

^'i7ij;iy^yi/7^-h, ^ux^;i/^y 

>iu>r y 2 -x5';iy^^i/;b-f y i/y^— 

2, 3 -i/>^;i>->i? p^=^'>'yi>'f yi>yr- 

2-> S=^i>7xx;b>r y>'T:f— h, 4-^h=^i>':7 

3?xx;ux.^;b^y->7^- h. :?xx;i/-ry'> 
7:?--N, m-, ^ ^oti p - K U y £^7^ 

— h, p^=^>';l/-< y i^7:^— h, V'>';L/-r y i> 

7r— >r y'>7:^-— n^y^ 

mtt^^-y-vy^-h^b^l^. 
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ifV, a, a, a' , a' - 7^ h ^ > ^V^^^ 'J U > 

>fyi/7Tt-— t'x (>r y'>7:^- ^viz 
>. t'x (-r yi/7:^-h>5';i/) :^:??'J>. fx 
(>r y £>7t^- h^^/i/) i/:7xx;ux— T-;u- fx 
(>ry>'7:^-hx^yi/) 73?U-h, 

u-fyix7^-h. 2, 6-'>" (-ryv7^-h>^ 
;u) ^^v^iDSitei^.-J^O^'yi^y^-s^b-^l^- 
[0 0 26] >r y^^p yi^"-r yi^7^— fx (-ry 

— h, >t^;i/i/^a^=ir^ty'>"'<y->'7^— b, i^'-V^? 

2, 5- fx (>r y '>7:t-- fc^i'p- 
C2, 2, 1] -^^^y. 2, 6-fx (>ry'>7-:r 

-h>5-;u) f'>i?D- (2, 2, 1} -^Tf^ty. 

3, 8-fx (-r y '>'7T^- v^)yon=ri^ 
y, 3, 9 -fx c-ryi/7:t--h^5^;i/) v^}yon 

x/jy. 4, 8-fx C-r y i^7:^- h ^^yi/) hUi^ 
i7D7^:f3y, 4, 9 - f X (>r y 'y7-^-- h jt^yu) h 
ny^n^fi ymm%nWiif>' u^vyyi-- Kfb^*^, 
[0 0 2 7] :7x-i>y'>>ry£/7:r-h, subyi/ 
^y£/7Tr— x^;t/yxx, 
>r y 3?° □ f ;i/ x x u y -y-r y 
xxbyy-fy-yy^-H. i>"x^;uyxxi 
'>7:^- h- i^'-r y^'^p f;u7xx uy-yv yyy-r- 
h, :^'^jv^y-^yh0^yyT't-b, ^yify 
h ij ^ y 'y7:^— f y xx;b>>v y '>7:^— f-. h 
;b>f i/ys^Vy-yy-^— K, 4. 4-'yyxx;L/>5' y 
-y-r y v'7-?--h, a, 3-i/jt^;bi>yxx;u;^5iy 
-4,4- y -y 7 :^— I- , f ^ y iy>- 4 , 4 - -y^ 
-ry'y7^-S- fxc-<yiy7:r-hyxx;b) x^ 
uy, 3, 3-'y'> h=*ry f yxx;L/-4. 4-'yVy 
y7^-b. :?xx;y>ry^>'7:^-Hx^>u>ryi^7T^ 

t Kp-y y xx;i/^ 5 y - 4 , 4 -'y>r y iy7^- 
(7)^#]^>i^ 'J y ^ 7 h <b^1^, 
[0028] fx (>r y yy-:*-- hx^jb) x;i/:?>f 
K, fx c-r y y7:f-~ i-7*'p f;L/) x;L/y>r H. fx 
40 c>r yi>7:^- h^=^y;u) x;by>r K. fx (>ryi^ 
7:^-K>^;i/) xyL/;t;y. fx (>r y y 7-f- h > f- 
71^) y*x;i/y>< K, fx (-r yyy^- hx^;u) -yx 
;uy>f K. fx (-f yy7T^-^-y''Pf;^) y-'x^uy-f 
K. fx c-r y-yy^- h^^/u^^) >5y. fx 

y y7^- hx^;l/-5^;?|-) fx (-ry'>7 

:r-hx^;u^;t) x^y, fx (>r y -y 7^- h ^ ^ 
;U^:?J-) x5y, 1. 5 - i/'-f y y 7 ^- h - 2 - y 
y7:f - h B-^T^y^ymo^^mnmm^ 
vyTi-'bit-^^. 
50 [0 0 2 9] y^yxx;i>xvuy>r K-2, 4-'>Vyy 



30 




•r-h^ 3. 3 h=^S/-4 , 4 -i^VVi^T:^- 
hi/^>i/";i/^;4-x— t'^ (4->ryi>'7':^-h 
^5^;u^v-t?>) ^;u3?>f K. 4. 4 H ^^i^^v-fe' 

[0 0 3 0] i/'^x-vi/i^J^yu^^r K-4 , 

-5, 5 -i^Wi^T:^- 3, 3 - ^yi/i/ 7 x 
-yi/v-'AVV^-f K- 5 . 5 -i/>r Vi^7i-— 3, 3 

T-t-h, 4. 4 -i/jt^;iyi/7x-;US>'J^;i/^-< K- 
5. S-^Wi^T^h-H. 3, 3-i>'> h^i^i>"7x 
K-4 , 4 -i/W'>7-:^— S, 4, 4 
-^^jji h#i>'>>'7x-;Ui>''A;i/^>f K-3. 3-ix-rV 

ft-^^- 2, 5-i^"-f Vi/7^-h^:^:?x V, 2. 5 



[0 0 3 1] -t0ft&H=fej, 2, 5->'^' V'>7i-- l-T- 

X h 3 t K Q^^T^x >, 3, 4-f^ (-r:.' 
v'T:^— X h ^ t K n^;t 3?x V, 2. 5- 
v-Vv-vy^-S-l, 4-v''5^7>. 2, 

(>r V v-T^-h^A^^b) -1, 4->'>7V, 4, 5 
1 , 3-v>'^:t5V. 4, 5 - t' 

4, 5-t:'>; (-< Vi/T-?-— -2-:*^;^- 

t'zLbi. fr>f^— ftfe^vnit- 

[003 2] ^t-^l^ (b) iiLT^f^ bl^^(r>^Il±MC 

[0 0 3 3] ^^ijTLii, y^3)-'>7 

-7'^;i/>r v^'Tt-i/T^- sec -y^;u>r y^:^ 

'>7-^— h. t e r t -y^iU-r V^?i">T^— ^ 
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2 2, 

3-v^>-3-;i/i/i7D^^i/';i>-r v^^rv'T:*--^, 2- 

;^ N^i/v'x^Vb-r V-5^;4-i/7:r-h, A-^^h^i^y 

:ti^7:^-h. 7x-;ux^;i/-C y 
X — V-3^:^'>7-^-— h. o— , m — , fe^)V^lip — 

[0 0 34] 1, 6->>W^^i^7^-h-^^-9-V, 
P - :?x~ U>>r vyo t'Ur-'vS^V '>7y- V 
^(^Sga;&jS^^'J-rv^>iri.7:^-K^b^4^, i/i7n-^:¥ 

;Ut-i/5?0^y3' >^CDS|]^:^;J^U>r V^:^'>7^-H 
1. 2->>>r V^:t'>7y-K^V-fe'V, 1, 
3 -i^-f V^^S/7t^- h^VlzV. 1, 4-i^-rv^ 

^'>7y-i-Ayiz>. 2, 4-i>>r v^^^yyy-h 

K;1/x>, 2, 5-i>V V^:^>'7■:^— h-m-=if'>U 
20 >, 4. 4 i^y:?-- h- 1 . l-t'3?x^ 
;b, 1, 1 ->^U>li"A (4 --r V^?4-i^7:^- t-'^ 

. 1, l->^b>t"X (4->r 
- h- 2 , 1, 
( 4 - >r y ^ 7 Tf- - h - 3 - ^ ^ l> V iz" > ) 
1, 1- (1, 2 -X5 Vi^-f li>^. (-< 
-}-_ , 4, 4-i>"^ V^:ti/7^-K^> 

y:?x^V, 4, 4-i;'W^?J-i/7^-h-3, 3- 
i^'^^^iL'-^vy :?x y >, i/'T'x^iL'X— riL^-4, 4 
-i>">r V^^i/7Tr— h, i^":7x->L'7^ >-4, 4- 
30 V^:?r'>7^-h^<0^#j^^' V6^:^'>7T^-h<t 



[0 0 3 5] 2 i^twti. 



1, 3 -'O-tzyv^'^iU^C-^U 
(2, 2-eU'>^>) -4.4 

{ t 1^ C pa ^ $ ^ =b T' li V ^ „ 
[00 3 6] ^f-, ^t-^^^ (b) h LT^S UU^<7)tC 

40 ^^T^/ V^?J-'>7^-h^t-^^t^;i'^ife^= ^ijTLlt'. ^ 
TrfX (3--I' V^3j-->7^— hyn^'^V) , ^?J-f'X 
(2--rv^?r>'7:f-hJi5>') , i/'^Tj-t'T. (2- 

7:f-h'{t-^^. l-^V^:4-'>7^-K~4- [ (2 

X (4->ry^5i-'>7^— . Tv^i/^i^ -;ut' 

(4->r y^?r'>7:f— h-<viz» ^<DSef£^^^>r 
y^?!-->7^-h<b-^1^, 2, 5-v/'^y^74-'>7^- 
50 V^i^yzi^l^. 2. 5~'>W6^?l-'>7^- 1 . 4 
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[0037] MIC, it^^ (b) hLT^?*Lofe£^H 

^;i-i/7'^-h^^-y->', 1 — ryi^7^-h-4-^' 

v^-iruy^—v-x , 3, 5- 

H, 2->r V>'7^-l--2' V5^:^>>yi-- h 

[00 3 8] Ctv^>(D-rv <^^) '>TT^- h^t-^l^ 
[0 0 3 9] TjSflP^CfcHAT^t'^tl (c) tUTffi^^e 

s e o-y'^ y — t e r t - :7''5r y — ;u, '-^>5 y 
-^=»F-9-y — T :)t h :*r -> 5 y — 

/U. Xh:^'>Jl5r y— /I/. 7x y =*r'>x5r y-/u, 

uy'a/^y—iu. o ^ J •>5'D^v5y — 
-y^? Q^^^-ti-y— -vi? otJ-^? y — -Oi/' 

Q-^^-y-y— 7;i/7 ij;ut;i/ii— yi/, xh^tKa 
;u. ^yuv—yt/, x^;i/7 x y — /u, jth^'>7xy — 
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jiH=^2^3?xy— y h=ip'>x5^;i/:7j:y— 
o^)\jv3lJ~-)\j, :?x y ^vt^x y — tert- 
>^^;i/:7xy-;L/. h-;i/^(^^-#S^#.tt^^ x y 

[0 04 0] 2ttgJ^;±£^i;*f U^^-Mb-^l^i: 

vi?"ij zi— i?"'J-fe 
'J >. h 'J >^a— ;l/x5 >, h U >^o— ;b^a-''? 
10 >, ^^'^ > h 1. 2-;i^;L/5''U =i-9--f K, 

iJ-bn-;U. KUx^Uvi?"tJ=i->L/, »J x^ b 3i >J 
=]-;u. hiJ>^ (2-t Ku=iri^x^;u) >r'y>/7 3ib 

t Kn^^ri^^^a tOui/t?n^^-9-y-.Ji/. f-Vi? 
n [4, 3, 0] -y^v:>'3j-— ^Ji/ou^^^^y 
>>'^-;b, l-iJv'i?^ [5, 3. 1. 1] K7'':^>>>'^ 
-ju, [4. 3, 0] -y^rvi/'^^ y— 

□^=*r-9->:>^';t— iU, V^yjOU [5, 3, 1, 
1] Kx:': vv'xit y — ;i>. ^kfo [3, 4] 

y^;i/'>^ □--.^if •+fv-:/"7lr— l, l-f 

t::7xxjux h U t Kn=>ri/7x^> 

tiA^^xy— ;uA, ti:^:?x y — yi/F. =*r'>"j 
U>^7U3-il/. ti^ (2- t Kn:irC/xK=*r'>) ^> 
t'x:7x y — ;UA- t":^ ( 2 - t K a =*r'>x^ju 
X— . 7- h57'o^t:x:?x y— ;uA. ^s^y 
ti':^3?x y — ;l/A- ( 2 - t Ka =^'>x^;ux 

^. en>nj-:/h^, 3 -ya^ya ti:t v^, 2-y 
50 f- 2mJi$:^^bTt 
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[0 04 1] ^MJ^.^^^^t^^^^niitTi^o 

T^f-Mt-^^tLXU. mXit^:^ [4- (tKD^^S^ 
:7x->'U] x;u:7>r K- ti:^[4- (2-t 
Kn*i^^a^=^i^) i^ai-yi/] K. fx [4 

- (2, 3-->"t Kn^i^yn.-Jf^^i/) :7x-;i/] 
3? K - t':^ [4- (4-tKo^i/ix5'D-^:^i/o^ 
->) ^x-yu] A;i/:7vr K, fx [2->5^;u-4- 

x;i/:?w K, 1. 2-fx (2-t Kn:*^^^^!^;^^;^ 
x5f>, fx {2-t:HP=¥v'J^^;^) i^"x;i/ 
z?>r K, 1, 4-'>"^7>-2, 5-i>':t-;i/, fx 

(2, Kn^i^ynfyi/) x;u7^' K, xh^ 

^x (4-t KD^i/-2-^7>^^;i>) fx 

(4-t Ko^s/:7x-;u) x;i/;t^> {fX3?a:>-;i/ 
S) , X h^^-D^f x:7x ^'-^us, ^^K^^^^bf 

X:7x — >bS, 4 , 4 -^>i-f X (6-tert-y 
3 -^^;l/:7x ;u) . l, 3 -fx (2~t: 

tj. ^/c2^>:^±^ig-^b-c=bcti>. 

[0 04 2] ^fc. ffc^l^ Cc) LTH^y'S.Ui/JfU 

e r t - K5''>iU;^;u:^:?"'5 >, ^=¥-ti-^i/;u^;u:^7° 



(004 3] 2tggy.±(;);K'J^*~Jb^t^1^5h LT 

nz-vvc/^?}-— 1, 3 -TT^D^-^Vv^'^^j-— ji/, 2, 
2-rn>'^yv''^5)-— i, 

yu, 1, 2, 3-7''av^°> KU^*-;i/, 1, i-i/^? 

3. 4 h:iF'>y5 1 , 2-'>5^^-;i/, 

i-fx {i^}\j:h~fh:^^}\^) '^O n^^-^y, ^-tTU 
>3^fx (2~>yL/:^y hx^;uixx;u) .2.3 
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-bx-h) , 2, 3-i;^>;i/:^:/h- 1 -:7'a>'>V-;u 
(3-y;i/:^:7>:^nf h) . i/x^ u>r?" ij n 
-yufx { 2 h/'-fex- h) , -^^x^uvi?" 
rjn— ;ufx (3->;i/:^77>yDf K) , l, 

2- i^^;i/:^:f nfyu^^yi/x-x;!/, 2, 3-i^ 
ji;i/:^>^Nynf;i/:ji^;i/x — T-yu. 2. 2-fx (> 
;L/:^ >^H>^yi/) -1, 3 -7^U>^°>i^"^:t-;U, fX 

(2-^;i/:^y hx^;u) x-5^;i^, x^u>i?'UD- 
;i/fx (2-ji;L':^7>7-fex-h) , x^L/>i?*U^ 
10 -;L/fx C 3 ->;L/:?3:f S3?°D f , 

^-;^>^'^>'^>f X { 2 - I- 
tj ^ □ -yi/T?" D f X ( 3 - 3''*' h 3?° D f ;f 
-h) , '^vifxuxu H7=iFX (2->;i/:tr 

^HT-fe^-h) . ^>3?x»jxu h-;i/7-h^=^x 

(3-^;i/:^3 >^h3fDf:t^-h) . 7^H5^x 

[0 044] 1, 2-i>'>;b:^J7>'^>-t2*V, 1, 3- 

V, 1, 2-fx h>^;i/) '^y-tz'v, i, 

20 3 -fx (>;u:ti ^>-t>>. l, 4- fx 

^>-t2>, 1, 2-fx 
>»>iii^jl>) -^v-fe'v, 1, 3-fx (^;u:t»3?^^-x^ 
;b) -^vis'v. 1, 4 -fx (>;u^7>x^;u) ^i/ 
1, 2, 3-hij>;b:^:7>'^>i2>, l. 2, 

4- 1,3, 5-hU^;U:^ 
1. 2. 3-hiJX C:)tJU:tf:7>:)t^ 

4- h'jx (>;u:^7^h>^ 

5- H UX 

3- h UX (;;^;u:^^^-x^ 

4- H ijx (;i;i/:^3-/S:ii^ 

5- ^^Ux (;^;i/:^}:7"hx^ 
5- H;i/x>i/'-3^?l-— ;u, 3,4- 

h)\f:sLyi/^:^—}\j, 1, 3 - ( p - ^ h 3? x x 
iU) yD>N°>-2, 2--y^5l-— 1, 3-i/':7xX 
;i/yo^N°>-2, 2-t>'^:t-;i>, :?xx;u;t5i>- 

1. 1 -i/^^Tr-yu. 2, 4-i>" (p-^il>:^3:/l-:7x 
x;L/) .-^^^ j^:^-;^. 

[004 51 2 ->^yb7 ^ -4 , 6-i»?J--;U- 
sym- h 'J T V^©^-^]^ & b fcJK U 
40 1, 2 -f X (^Jb:^:?'" hx^;u^3j-) ^>-tf >. i, 

3- fX (>;u;^^>x^;b^;:4-) 1, 4- 
fx (^;i>:f33f' hx^;u6-?i-) '-iv-tfv, 1,2,3- 
hUX 1. 2, 4 
- KUX (>Lju:^:/(-^^yiy5^3r) ^V-fe'V, 1, 3. 

5- h'JX (>^yu:^7°h jt^;u^7j-) -o-fe'y. 1, 

2, 3-KUX (jt;L/:^y hx^iU^^-) ^>i2>, 
1, 2, 4-hUX (j»t;u:^:7>x^;i/^?i-) 

1, 3, 5-hUX (;^;u:^3^Kx^;u^3r) ^> 

50 J.:;^t:efiltJ^^$:^^-r^^#^^U^3l--Mt^4^. 



30 



2 
3 
2 
2 
3 



(9) 

15 

1004 6] \^7. ;^;u:?>f K, t' 

j>ti?>. fx (2 h-x^;i/^:^) t' 

X {>;i/:^3^h^^;i/^?r) ji^iv- i. 2-t'x (2 
->;i/;^7 3^h Ji^;t/5^:t) x^'V. 1. 2-t'x (3- 

h>^;t/^^) y''a^-<>, 1, 3-t:'x C2->;i/:^y 
hx^yu^^r) y^>'^">, 1. (3->;i/:/jy lo 

h^QtVl/^^) >^^>'^°>', 1, 2. 

h^^^^fl^-?^^) 3?°nvN°>, 1, 2. 3-hiJX (2 

X C3->;L/;^yhyD yo/>°>, 1, 2- 

tix C (2- jt;u:^7>x^;i/) -S-y/U/j^ 
h^'D^N'v. 4, 8 -s/'^;!/:^:?*' h^^;^- 1 , ii- 
j^JU:hy''b~3, 6. 9 - h 'J^7"^?>x:^>, 4, 7 
-v>'>jb:tt:7°h>^;b- 1 , 1 1 -^;b:^:?>- 3 , 

6, 9 - I- 'J^T"^ 5, 7 ~ i^' y" b ^ 

Vxtr^, xh^=^X 

>15>. -rh^^^X (2-:>t;b:/3 3?>x^;U^;r>i^ 
;b) xh^^x (3->>/L/:^7°h7°n t:;u^3l- 

^^'v, fx (2, 3-i/">i;L':^7>yn f 
x;i/7-< K. fx (1, 3 -•;^";i;i/^7°hyD f 
x;i/7>r K. 2, 5 -t;^^;^:^ 7° h - l , 4-i>"^ 
yv, 2, 5 "'>'>;l/:^7>>^;u- 1 , 4-i/>7 

1, 4-i^>r>', fx O^i/jJb^^h^^^vi/) i^xyu:? 
-i- K, fx (jjtyt/yjy t^x^yi/) i/:^j\/y^ K. fx 30 

[0 04 7] t Kn:^i>^^;i/X;i/7^ Kf X (2-> 
;L/:ft 7° h7i2:x- h) , t: K n =3r -> > ^;i/x;U7-r K f 
X (3->;b:^-/h:^af ;fl-^^-h) , tKn^fi^x^ 
;i/x;l/7>i' Kf X (2->yi/:^7''h y-fe^- h) , t: K 
D ^'>x^;ux;b7>f Kfx ( 3 -;*;i>:^7^h7°o f :^ 
^^-h) , t Kn^v^^'D f;i/x;L/7>r Kf X (2-> 
iUr^J^'t-TiZT^- h) , t K D ^i/7°a f ;L/X;i/7 >f K 40 
fx {3->;u:^7>:^nf7)-^x-h) . tKQ^>'> 
^;i/'>x;i>7>r Kfx ( 2 - :jt;i/:^7° h T-fe^— h) , 
t K a =^ > ^ 5^;bs>'x;u7 >r K fx ( 3 - ;^ 7" h 

□ f:t^^-K) . t KD=^^i>x5^;i>'yA;b7^ Kf X 
(2- jt;i/^7>Ti:T- h) . t KD^-yx^yi/C/A 

71/7^- Kfx (3-^;i/;^:^K:/nf , tK 

□ ^>'7"af;i/'>x;i/7-< Kfx ( 2 - >iyu^7** h 
^— K) . t K n =iri/7*'0 f >bi>XJb7w' K f X (3- 
pt;U:^7>7°D f^r^^-K) , 2-pt;i/:^7 7*'Kx5';i/a: 
-x;uf X (2->;i/:^37*'K7-fex- K) - 2->^;i>:^3 50 
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7^Kx^;bx— 5">FUf X (3-:Aji/:f3y K7'nf Tf:?--- 
K) . 1. 4-'>"-?'7>-2. 5-i/:4--;bfX (2- 
^;i/^:/KT-fex- h) , 1. 4-*:;>'^T>- 2. 5- 
i/3j--;i/t'x (3->yu:^7:/K:^nf;t^^-K) . 

3-;L/^f X (2 Kx^'yi/j^xx 
;v) , 5^3fi^7'Df ^v^f X (2-;:i;i>:^3 7^Kx5^;i> 
xAx;i/) , 4, 4 -^;4'i^V^;i/^f X (2->;u:^ 
7°Kx^;iyxx-f;u) , ':/'^7i-*yi7''J 3-;i/^f X (2 
->;i/:^7^Kx^yL/xxT-;i/) , ^ ^ >^ zf a ^ :yM 
fx (2-^;uyjy hx5^;uxx^;i/) , 4, 4-i>'5^ 
^i-i/T/^^U^f X (2->t;y:ft(7^Kx^;uxX7^;i/) . 
^:ti>"i'"»J ;u^f X (2, 3 -'y^;i/:^7>7"n f 
;uxxx;i/) . -^TTi/yafTl-v^f x(2. 3-i^^> 
;b;rj7>:^a f;i/xx7^;i/) , i/^:^5?*U 3-;i/^f x 
(2, 3--:/7t>U:^yK7'af;L/xx^;u) , -x^iti/" 
7Pnf;l-y^fX (2, 3-i/";i;U;b7^h7°Df;bx:7. 
xyi/) ^©>;L/:^7''KSJ2^^tc|;ft^J!^^$:-aWt-5J5IJte 
^Tjf U^3t--;Mt'^1^, 3. 4-^3t-7x V^>'5^7r- 
2, 5-i/y;uy33^K-l. 3, 4 -^T'i^'T'y*'- 

fcn@^Jit± ^ L T ffl V > a r i: -C ^ a o 

[004 8} ^fc, ^bo^iym^^r^:^)^^^^^^ 
^^tLTlt, ^iJxfS', 2->;t/;^7>x5ry~;L/, 3 
-^;i^:^7°K- 1 . 2-7-□>'^Vv^3r-;U. ^^UizUv 
(>;i/y77>7'-br-K) , l-tKn^i^-4-> 
juyiy" biy^ ny\^-ft>. 2, 4 K 7x V 
2->;u:^7>>'>^' Kn^y'v. 4-ji;u:fti:/K 

7a:>'-;b. 1, 3-ix>i;i/:^7°K-2-7^n>'NV — 

2. 3-v/>;i/:^7>- l-7''n>'NV-;i/. l, 2 
-i:/';)t7l/:^7''K- 1 , 3 - 7^4? >i^7t--;U, ^ViS'xU 
X'J K-/l/K'JX (3-;*;i/^7'K7*'a f:t^>- K) , 
^>5fxUXiJ K-;U^ y ( 3 ->;1>:^37>^D f 
-K) . ^v^fxijxu K-vuf X (3 ->;i/:^7''K7'* 
ofTj-T^-K) , ^V^xUXiJ K— JUKijX 
U^U-h) , i/X:>5?xijXiJ b-jU-OSi ^7. (3 
->t;i/:^:^"h7°a f ^Tt-- K) , fc: K □ K 
'JX (>;i/:/3 7>x^;L/f->4->^yl/) ;^5>'. 1-tK 
o =^ X ^ ; U ^ :^ - 3 - > y u ;^ K X ^ ; 1/ 5=- ;t ^ > 1z V 
^ A'^^i^ ^ ;!)\ 3 ^iJ/Tx^b-^tJtiiiS^ $ i\ ^ t 

[0 0 4 9] it^^ (c) tLT(;)^y, SO^UT^ 
>ft^^(^^?* Urti. (1) x^ 

n-7^af;uTiv, >r V7''n f /UT i y. 
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n -y^JlyT k s e c -y^yUT ^ ter-^ 
□^>^;b7' 5 >, i/i? □^=^i/';U7 ^ >, 2, 3- 

>. 2. 3-, fe-£.i^it4-^^;u^>-:/;u7i o 
U>'i/7 ^ a -7^ yi^'i^x— 

hJU^iy>. 75>'t"U^V, 75>'7x>'- 
7 5 yx^J y— 1 -7 ^ y^DvNV— /b, 2- 
7^ y ya^NV-;i/. y ^ j-f ^ J T^J^ys 
y— ;b, 7 i y -^^-ti-y — ^ ^i/x^;u7 ^ 

2- (2-7i yxK^^i/) X5y-;U. 3-xh:^'> 
:7"d fc:'';i/7 5 3 -yn/K^'>y P t.VU7 5 >, 3- 
7' h ^ -> y □ tVl^7 5>. 3-'fV^'a;Jf=^iyyD f/b 
7^>. 3--ry7>=¥>'yD tlVL'7 5 >, 2, 2-^' 
a: S:t->x5^/U7i V^(Z)#'^tgl^7 5 Xt-^i^, 

[0050] x^U>i^'7i>. 1, 2-. fe^l>ti 
1, 3-i>"7i >':?*'o/>">, 1. 2-, 1, 3-, fe6 
ntil, 4-i/^7^ yy^'V, 1, S-iy-Fi J^>9 
V, 1, 6 ->>'7 5 y^^-y-V, 1, 7-'>*7^y^7° 
1, 8-i^'75 y;ti?5'>. 1, 10-i^'7^y 
T-'^V, 1, 2-, 1. 3-, A-i^'T^ 

J iyi7 a^^-^fy. 4, 4' -i^*7 ^ y 'Vt^i^ D'^^irC/ 

3, 4-fe^t>ii4, 4' -'>"7^ y^vy^'x y >, 

3, 4-^ai-iti4. 4' -iy7i y 'y:7xx;ua:-7^ 
4, 4' -iy75 y -y^'xxyt/j^t^i >, 4,4'- 

'>"7 5 y i^":?xx;i/A;i^:7^ K, 3. 3' fe-Si-^ti 

4, 4' ->'*7^ yi/:7xx;uA;L/3?7j->. 2, 

7 i y ^f^b:* 1, 5-, 1, 8-, fe-5vM12, 

3 - iy75 yT?-:7 3' 2, 3-, 2, 6-. ^-51^ 

(±3. 4-'>'7i y t°Ui/>. 2, 4-, ^,6t^ti2, 
6 ~i/"7 5 y h;ux>, m-, fe^LWip-=^'>Ul>> 
:^'7i>, '<V^D>">7i>, 'y7 5 y ;>t5^;i/f v-i? 

n^v'^sy, 1, 3-, 4-i:/'7i y 

}vy!;u^^^y. 2-. $)^iMi4 -7 ^ y f^u 
>, 2-, fe^v>ii4-7^ y y^yut^^'ji^V, 2 

$»6tWi4-7a yx5^;Ut"^U'>^V, N-7^y 
x^;b^yb;j^ ij V. N-7 5 y yn tVi/^yU/is v^tT) 

10 0 5 1] (2) i:/x^/l/7^>. i^ya ^71/7^ 
>, i^- n -7'^jL'7 i >, i/- s e c -zr^}Uy 

>. i^'^" "yy^;L/7^ >. n -^>^;i/7^ >, 
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7^>. s^" (2 -x^;b^^i/;i/) 75>, y^yb^^^ 
i/;b7i>, ;/'7ij;i/7^ V, N-y9^;b7"j;i/7i 

>, f^'iJi^V. t'D 'J i^"^, i/'7xx;i/7^>, N- 
:)t5-;i/:?xxyi/7i >. N-x^;^:? x x;b7 i >, i/' 
^>i/ib7i>', N->t^;b^>i/\fU7 i N-x-3^ 

jv^yy'jvy^y, i^y o u^^yjvy ^ N-y-5- 

;i/7xrj>. N-x^;i/7x r; V. i^^f ^ ^;i/7 ^ >, 

10 CO 0 5 2] N. N* -i/jt^;UX^U>:>>'7i>, 
N, N' 1 . 2-i^'7 i y :f nyN">, N. 

N' 3-i;^7i y yD>>"y, N. N' 

-'>'y^;i/-i. 2-i/75yy3'>. n' ->/y 

3-i^"75yy5>, N, N' - i^" -3^;!/- 
1, 4-i^"7^ yy^'v, N, N' -'>y^;i/-i, 5 
-iyy i y^ys y, n, N' -'>">^;u-i, 6-y 

T ^ J^^^y, N, N' -i/^t^iu-l, 7-'>7^ 
J^y'Siy, N, N' -'>x^;i/x^U Vi>7 
N, N' -i^"x^yu-l, 2-'>'7 5 y 7''□/^'>'. N, 
20 N' -S/'x^yi/-l, 3-iy75 y yn^'N'V. N. N' 
2 - i:/*7 ^ y v''^' V, N. N* -'>"x 

3 -'>'7 i y n, n' --yx^^-;!/- 

1, 4-i/7^y7'5>, N, N' -i/x^;i/-l, 5 

-':>7iy^v5>', N, N' -y^^^jv-i, 

75y^^-9->, N, N' -i/'x^;b-l, 7-i/*7; 
j^-f9y, ^^^y'y, 2 -y ^yi/ti^^i^'v, 2, 

V, ^^^€^^'yy. 1. (4- t"^'ji:/Vl>) 

y^^V, 1. 2-i/- (4-t'^U'>"VU) x5>, 1. 
30 3 -iy- C 4 - t:^ U v'";^) >f 1, 

( 4 _ rj y^r 7^ h ^ y ^^b^?"7 X i/ >^ 

x^=^'>^S|0^^^H.^t>c7)CD:P:^f?!)i: t-Ci*, \^7.y 
X y-vi/Ai^u i/'Vyi/x-T^^b^cD^iffi^'x y — Mt-^ 

40 i>y jLj~j[/?hJ^7}f^yit^^, 7K^t'x7x y— ;uA 
^' 'J v":/;ux-r/i/^oo#'^7;L/zj-;L/{t^1^hxt:'"vN 
□ t K U vft^^iiKDBi^n J: vj^#^n'6 7;UD -;b^ 
jiTi^^yit"^^, 3, 4 -X7tf:^iyixi? p^=^ri>'yuy ^ 

yL/~3' , 4' -x^if^^r'Vi/^? D^^-9->;^;U.-K + i/ U 
-S^l. 2-^ + -tf-t: Kn:75;b®Ei>"i?'Ui^i>Vl/x;^ 
^;b^(^^ra^®f{b^^i:xtv%n t l^fjyit^mt 
(Di^^i,z^ »J^#^jt\>^^/''J *>i/yi/x:;?.r;i/^HXrff:^^-><t 
r^l^. -:iSS.l/~^S>^*7^ v^t^l^hxtVNDt K'Jv 
fb-^^ti^l^l^HJ; U?#e,n^7^ >3^x.if^>/^b^4^ 
50 ^-ft^ftfe, \::~juy^ n^^iiyy'jL7if:)ry[^'m^^t^ 



19 

[0 0 54] y;U;^73^NWW^b^4^(^^F*bL>t>(Z)6D 
Mi^mtl^rit, '3-ir^^)n'-}vm, s-s^jvttzfhy" 

D\i:^>m. ^^tmm, ^:^%m. ^:^')>dm. 

[0 0 5 5] ^mmRV^tmmyk^o)ntLi>ho^^M. 

m^}tv.r\t, mm. mm. 'fu\^°:^>m, mm, ^-f, 

o og^^teTK!}^. ,%7K:?5;i^^, ^ ^ -y- 1 K d ^^tK 
[0 0 5 6] u-y >( ym^n^hi^htDO^Mi^MtL 

X\t, ^>i>;b7^ >j U- h, ^Vi^'Jb^i" 'J 
v';U>^5 ^7 'J K. 2-t Kndri>'X^iU7i? U l> — 

i7ijU-h, x^ U Vi^U y 51 U U— h. 

ij U - h- h U x^U >i;'U 3-Jl>'>">L 5 /? U L/ — h. 
l-5x^L/y^"ij ri-;uc/'7^ ij ^^-h^x^^ 

-yu-yr^U u-h. 5i^Ux^uv^?'ij3-;ui>'^5^7 

yi/fAyj i/i/vuy 51 ^? U tixy X y— >/UA'>" 

2, 2-fX (4 -T^ D^^v-x h^'>:7xx;i/) 
>'N'>. 2, 2-t:x (4-y5^a:Sr>'xh^i^7xX 
;u) yn^N'y, 2, 2-t:"7. (4 -r d a? .>'>'x h =^ 
'>:7xx;i/) :7°Q>'\°>, 2, 2-tix (4->t5^7Q^ 
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yo^)v-h, t'>^:7x>-;bF'>"jt5i?u u-H, 

1, l-fJ^ {4 -7^? D =^>'X h=spi/7xx;i/) >5 

V, i» l-t':^ {4-jt5i?D=^F>'xH^i^:7xx 

>5>, 1. l-fx (4-Ti?n=^i/i^xh:^'> 
:7xxyi/) 1. l-f;^ ~ 9 Cf u^i/ 'J 

U u - h ij ^^^D-yi/^^D/N'v b U > 5 'J 1^- 
10 H, i?"!; -fen— ;L/i>'7i? u h, -fe n— 5 

i?UU-h, --^V^xU^^U h-^'UhUT'i? 'J U-h. 
xij ^--'^T^ h ^Ti' U U- --05XIJ 

-S, ^^)V^ir:^90^)y—h. :?xX;i/^;fTi? ij 
U U — |-x^;u;:k;U3?>f Ki^"7 5' U b — 

20 [00 5 7] yij;U^'U '>i>';ux-^;u, t>'7ij;b^3i 

— h, i^'7 ij;i>:^>->i^^-- i>x^ b > i?' ij n — 
A7 'j>'U:/3-;^'^->- h^coy U^Hb-^l^- ;^^b>, i? 
nD:3^^uv, >^;u:^^b>, ^d^^^u:/. 

tTDk:* (m-v>':^ ^CD fx^Hb-^l^. 'J^'J^" 

30 [0 0 5 8] ztxp), mM<nm^m.m.m\t\'^^t\.^m^ 
[0 0 5 9] i^%^mm'^'i&.Wiim\t, mtmm<h^-^ 

[0 0 6 0] 5l<t^i^CD^^ Lv^t<0^3[)=i.(^|!:f5!lh tr 
ti. hijx5^;U7iV. h ij n -r^;t/7 i V, hUn 
40 -^:ari/;U7 i >. N. N - -V^T V □ t";bx^;i/T ^ 
V. h'Jx^u^v^'Ta >, hU7xx;i/7iy, N, 
N-*>'';)t^;Ux5 y-;i^7 i >, N. N-'>"X^;i/x5 
y-yi/T^V. N. N-->y^;L/x^ y-yi/T ^ K 
Ux5y-;i/Ti>, N-x^;Ui/"x5 y— i V, 
N, N-'^'^^Jl/^^C/iUy i >, N, N-'^'x^JU--; 

^/;u7iv, N. N-v^'^^yi/i/^ D^^^-vvi/y = >. 
N. N-':/"x^;U'X7 □^^•>;l/7 i >. N, N-'>">^ 
5=';i/:;'^;i/7 ^ N- :)t^;i/i/'>i' 0^=*? ■>;i/7 ^ 



21 

t°'J'>">. ^>"J>, N, N-'>";*^;b7'- 'J >, 
N, N-'>"Ji^>'I/7- U a-. fe^>MtSy- 
en'jV. 2. 2' -feUi^^L/, 1, 4 -i^";»t^;l/t*' 
i/5?n (5. 4, 0) "7-'5:>r'-fe V, 2, 4. 6- 

xi(>, 1, 2-t^ (i^':^^JV7i'^^y^ ^) 
0)7i-^y^y^ >m- iy:^^Jvmiy^n'y^\^\ iy^^jum 

^. 2 , 2 ' - r y fx ( 2 - i> ;7 □ 3?" □ t°;L/y □ t: ;t 
-hU;l^) . 2, 2' -T^y\i7. (4-y h=^ri>-2. 

4-i:^'^^;uAUD^h'j;^) , 2, 2' -yyt'x 

(2, 4-i/'^^;b>''^Un- s . t -7*5^;l/>'^°— 

4' -ex {t ~y''5-)VJ-^-ir^u) >>uu-h. t- 
i/y — -0 u^^-^y )\j^n^B.^ '^'y 

-5 A^^-y-:7;b:^ni^^, h U :7x-;i>x;u:7^ - o A 

[0 0 6 1] :Lt\^hmtmmt^m'x:^2mi^A^i^m.^ 

m)5fe1^a)*^.Mtct^bT0. 00 i-iowt%(^)$iss 
5M{t;M^0^Apfi;i^o. ooiwt%5(^?ai-e 

tf^$>^. —ij. 1 Owt %S:@xT^j-C^6/)'i, s 
[0 0 6 2] ^HP^CO^iil m^\t, y''^7.^yO\^> 

^ CO iJfL ^ ^ t T o T f rT e ^ U 3fc ^ t ± 4n ^ „ 
[0 0 6 3] J^i^r. :^-^>cf]-^7Kf^trj:i::!)P^Rltgii 



(12) 1^^2000-256435 

22 

[0 0 6 4] ^mm^mm^m^r^i^o^m^m. m^ife 

(0 0 6 5] 6^^^-;uKc^A$rtfc7^^a^(Z)S'^i4 

(b) s?/ (c) , mm^^mo^mm. mtmmo^m 

0. 1-1 0 0B^raA^t:fr^7;b^^= 
[0 0 6 6] 4i^tCctori±, 1 orz>^e) 1 5 or®^^ 

-CS-^ ^ -tttt If ^ b V -5-^ ^ - i: ^'^^) 5> - 
[0 0 6 7] lElCli. ^^^*S^ 

[0 0 6 8] 2tcf|0jg(7)^jgicDfiicJ^iD^tc(i, 
^^^^j, m^m^mm, mitm±m. ^^mm<Dm 

'i;^Mt-P&bT. rr.~;v^<n^m^'a-^x^^^^. M 

30 ^, :«^5b>X, ^^5f'^':t— K (LE 

[0 0 7 0] *^0^roit^W3f45:ffiv^/cU>X 

40 [0 0 7 1] 

[0 0 7 2] -m/T^ in d) , r'y-<m {y d) :zf 

jyy u 2 o"c-esij^bfz» 

- it^li : TMA^T^ h U->'3 >^ (<^M5 0e, t: 
>9tO. 5min0. ^e^l Or/min) T' T g $: U fc, 
•TO^tt:f^^bfzU>X(^4^.L.^(J^tC, M^127 
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Bluej 1. 5g, TMLP-Yellowj 2. 0 
g. FMLP-RedJ 1. 5 g / 1 0 0 0 m 1 $ifi7K?t 

^-a^jCO^A. ^fett£7)lR]_hbfc*;60$:O, MtC^feli 

10 0 7 3] ^Jg^j, ^mm\-^\\.^^ (a) hbTi^^ 
b^ce'x (2, 3-xf^^>fnt:;L/) Ki^ 
M]5fe4^tifb-^i|^ (A) , t'A (2. 3-a:t''^;4-yD f 
A;b3'-< K(^Mfife1^li^b^1^ (B) , 4, 8 (o r 

5, 7or4, 7) -t':;^ (4, 5-a:t'^;^r_2-^ 

-1, ll-tlyt. (3, 4-it°^;i--l 
-3, 6. 9-hU^7O>7'':^>0iia 
^i^ii^b^^^ (C) iiB&b/c. 

[00 7 4] {t-^^ (b) h bT^Vi/cm-^iy ij U> 
'V^Vi^yTr-Ml^t^l^ (D) , i/Wi^T^-K^ 

^;^t:^i? o^yi» >li^t^!t^ (E) , li'A (^V'>y 
:f-h>^;i>) >tt^t-^!i^ (F) , :7x-;u>rvi^ 
(G) , >/5?n'^:iFi^;i/-f v^'T^- 
Htift^ti (H) i:SSbf-. 

[0 0 7 5] ^t^:}^ (c) i:bT^v>yc4->;U:^>'''h 
Vli^t^^ (I),4,7(or4.8or5,7)- 

6. 9-hU^7'5>'r-*:^Vli^fc^4^ (J) , 1, 2, 
3 - h U :)t;b:^^h:7''n>>°:^i±^t:'^1^ (K) . 2. 5- 

i^}\^^~?^V~\ , 4->'^^7Vlt<b-^^ (L) . 2, 
3-i/>ju:#3^°(--i-3^°D>'?>— ;ut±|b'^1^ (M) . 

m-^i/'J U>'>"TS >l±^fc^4^ (N) , 

vtt^b-^ti (O) hffiSbf-„ 

[00 76] 1 
<t^1^ (a) tbra^l^ (A) lOOg, It^tl 

(c) tbr^b-^^ (I) 10. Og, N, N-i/'>i^ 
^t^r^^bfcOD-t), i;y^;b^>i>"i7D^>r Ki Om 

E. (^^[S^^^Jt bT rZelecUNj (Du Po 
^^PiiliX^Ji: br rA-f^V-y5 8 3j (^[5}^p"pti: 

^) 4 0 0mE^rg'^bf-» 

^t-^l^ (b) tbr<t-^1^ (D) 10. 8 g =&viSTb7^i: 

i^^^'mr^mw^. teTT'O. 4B^r^ajt-;^bf-^^, 3 m 
:^'A>r-v h.i:U''^'5fiSt^^-ii/Ktc^Abf:i„ ::<^^- 

;i/K$: 3 O-C/jvib 1 2 O'C^T-^^^VI^t^b. 1 OB#r^ 
-;i/K7:)>ti^*jaibf-- \%^MrLWm^ 1 2 0-CI:T2 
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[00 7 7] HlfSi^!) 2 
ffc^l^ (a) >L\.X\t^m (A) lOOg, -fb^l^ 

(c) i:bTjb^^ (J) 10. Og, N, N->>'>5^ 
;i/'>^7 p^r^i/;!/^ ^ >2 0 0 m g, 9 5 m g + 

g, P*3M^^jai bX rz e 1 e cUNj (D u Po 
ftmcm\>^\^X ryS^;^'y-y5 8 3J {.^mkBa%. 

m) 4oomg^ig^bfc» 

(b) tbT^b^it^ (D) 1 0. 2 g^HSTb^j: 
^'^AP^M^^}^^. i^ffiTTO. 4B#r^aJi?Sbfc^. 3m 

:^jA>ri/ tj^^'&j^^^-^UKlCiiAbf::. 3C7)^- 
;i/K^ 3 0°C7!)^8 1 2 or^XM^'5^i::^2ab. 1 ou^rs 

-;i/K/J^^^Uaib^c. 1 2 0''CtlT2 

20 B#r^T7 - -;bb^-» tt^^tifcUVXtl^^BgTliUOD/j: 
v^U>'XT$)ofc» ^#btLfcb>X00l^^2^D^^liti^ 

[00 7 8] ||:&j5^!j 3 
^b^l^ (a) iibTjb^!^ (A) lOOg. -fb^l^ 

(c) irbTjb-^^ (K) 10. Og, N-i>>^ 
;bi/^7 0^:SF'>;U7 5 >2 0 0 m g. g^^95mg$: + 

3^ti*g^b/cCD*,. >>'y9^;i/^>";>'i?D^>r Ki Om 

g. J^Mi^^Ji: bT rz e 1 e cUNj (Du Po 

30 ^^p^Hx^JhbT r>.s^^y-^5 8 3j i^nmEu^ 

m 4 0 0mg^^g^b^:. tifc r 0^^^^, 

fb^l^ (b) t bT^b-^l^ (D) 2 0. 1 g i^?i§-Fb/x 
:6^^^)0x.^i#^#, -i^/ETT-O. 4 0$f^aJi-?S bf-^, 3 m 

h ci;U''j:^J^§y^->'^KCv±Ab;t« 
;i>K5:3or^^p,l 2 0"C^-Ct^^ic^5ab. l0B#r^ 

-^UKA^ej^Uaibf;- 1 2 0"CtCT 2 

i3# -e 7 :^ - ; u b o ^) fc u > X li :g 0^ -e ?s u 

40 lM^>XT^)^fc. VXCDl^'tlS.I/^lgjl^ 

[0 0 7 9] m^m^ 

(a) tlbX^t-^^^ (A) 100 g, \^^% 
(c) tLXit^^ (L) 10. Og. N. N-C/>16^ 
Jl/>'^D^^i/^U7i>2 0 0mg, g^^9 5mg^-i- 
5>tw?g'^bf-<0^, 0 5 -< K 1 Om 

g, P*3Mi2^jt: bT rz e 1 e cUNj (Du Po 

^mRm\tLX rA.r:tV-y5 8 3j 
50 4 0 0mg$:^^bf^. Mtf5tvfc:i(7)-ig'^?^/\, 
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it^l^ (b) tLXit^^ (D) 8. Q s^mTLtjit}'" 

K&3 0"c;i^e>i 2 0x:^r'^^^^c#^gu, loe^r^r- 

S'^$^T^^. ^^^tC?^ipL. =^i?g$r^- 

;i/K;!j^e>Sjyihbfc= '^htx^fzmt^ 1 2 o"ctcr 2B# 

10 0 8 0] m^m^ 

it^m (a) tbT^t^l^ (A) lOOg, it^^ 
(c) i:bTfb^1^ (O) 5g. N. N-ix"^^;i/i^i? 
□ ^^i/;bT^>2 0 0mE$r+:9'tc^-^b;'cC0*., if 

-y5 8 3j (^fel^fait^) 4 0 0 m g b 
^r^^tif- it^^ (b) iibT^t-^i}^ 
(D) 4. 4 e^mTl'ti:tf''i^M^mWWi^ UBTX 
0. 4B#r^aii?Sbfc^. 3 /im^-:/^1^gt:7^;L/5-lC 

-;bKtciiAbf-. wCD^-;uK5: 3 o-c*^e> 1 2 0"C 
^T'^^^t:#;:^b. 1 OB#r^Tm^$:tTo/c„ M^^T 
'ik, ^^tC^^^Pb, 1iSl5r^-;i^K*^e>SiUaibfc, 'ft 
etif-I^Si^l 2 0*'CllT2II#f^T'7--;Ub/co ^#^) 

^w^b^c= 

[0 0 8 1] I^SS^liG 
^t^l^ ( a ) i; bXjt^l^ (A) 1 0 0 g , ffc^ft^ 

(c) ilbTft^l^ (J) 10. Og, N, N-^>">^ 
D'N^i^^L'T 5 > 2 0 Om g i&:-t-:9't^'/^'^bfcCD 
^, i>y5^;u^>>/i7n5^ Kl Omg, f^SP^^^Ji: 
bT 1 - n h ^'>- 2 -^''D ti;UU >^2 O 0 m 

s, m^m^mmt^x rA^;rv-:?'5 8 3j (^[nl 

^plittM) 4 0 0mg$:-^^bfce m.W^nt-ZO^m,'^ 
<t^1^ (b) hbT^fc-^ti (D) 10. ZsVM 

-}V\^t:h'7.&y h J: vjnf6fife§y^->fbKtl-/£Ab/--« 
^(7)^->UK^ 3 0"C;^)^P? 1 2 0"C^T'^^ tc^i^b, 
1 O0^r^T'fi^5:'<7r.fce a^*IT^. t^^H?^iPb, 

i^Bi^-^-;i>K7:>^e>^utiibfc„ mhnr:Lmmk 120 

"ClcT2B#r63T'7 b>Xtti^B^T' 
[0082] mm^i 7 

it-^ti (a) ^br^fc-^^^ (A) loog. it^m 

(c) hbTit-^l^ (J) 10. Og, N, N-->'^^ 
;i/^>^ O'^^iz/Uy i > 2 0 Cm g $:+5^t:?g^bf-ffi 
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i;^y^;l/^>i^d7n^>r Kl Omg, F^^li^J^Ji: 
bT 1 - n-y N^i/-2-yD tVUU>^2 0 Om 
g, ^^m^UmtLX r/S^:tV-y5 8 3J (^^Ir] 
lin^ntt^) 4 0 Omg &zg^bfc. nf- ^ (^^g-^ 

1^-^, ft^l^ (b) tLXit^^ (E) 11. 2g$:?® 
Tb)S::<»>e^Dx.^^¥^, m&TXO. 4B^P5Mbrc 

-;i/K t:^'X>r-^ h J; 0 K H^±A b ^- . 

:ic!)^-;uK$: 3 or/)>e) i 2 ot:*T?^*ic#2ab. 
10 1 0B#rars^5:?7ofc. m^my^. ^^tc?^iPb. 

^SI&^-;i/K/>^J^)^UaibAc= ?#e.n;t^J9|$:l 2 0 
rnT2 0#r^T'7--;i/bfc. vXtijgBjiT' 

[0 0 8 3] mmms 

it-^^ (a) tbXfh^l^ (A) lOOg, it^^ 

(c) tbr^t-^l^ (J) 10. Og, N, N-i>>^ 
JUiy^ n^^iyjl^y^ >2 0 Dm g 5: b CD 

i>'y^;L/^>'i;^i?D5>r Ki Omg, p*gSii|t^^jt 

20 LTl-n-:/h=ir'> -2-3)^0 t'^l/'J V^2 0 0 m 
g, ^^^P^llXi^Ji:bT ryS>i'?i-y-^-5 8 3j mm 
m^a^M) 4 0 0mg^Zg-^bfc= tl-fc >r ©"/l-^ 

it^'^ (b) iibT^b^l^ CF) 1 0. 3s^m 

-)v\iti:y.^-y J; u^j;^J5!^^^-;i^KnaAb/c. 

Z0^-;i/K^ 3 0-0;^?^^, 1 2 O-C^T^^^J-ll^^^b, 

lommxm^^Vj^tz. m-^mjwt, ^^tc?^ipb, 

^9i^^-;i/K;:?^t>^uaibfc. 'ft^ti/c^ai^ i 2 o 
30 "CUT 2a#r^X7--;ub;^c= uvXiii^a^T- 
rlSy ro^cv^uvXTfeofz^ tfi^tvrzuvxoit^iisui 
^ll1i^l^^m&u=^felSI^$:^i t^^bf-. 

[0 0 8 4] ^SS^!I9 

it^lib (a) ilbTft^l^ (A) lOOg- Ifc^!^ 

(c) ilbT^b-^t) (J) 10. Og, N, N-^^>L^ 
JU^>^7 a^=iri/JbT ^ V 2 0 Om g 5: b f::CO 
bT rA>r:^v-y5 8 3j (i^fPJ 
^p^pitM) 4 0 0mg^-jg^bfc. mW^titcZO^H^^ 
-ffc^l^ (b) hb-C^b^l^ (G) 13. Og$ryiS 
40 Tb?i^/)^e>j]Dx.M#m- ^^STTO. 4Bfr^8Sl-?&bfc 
3 Aimv' v-S-^]5l:7^;w$'-HTiim, :^'7A^ 
-;UKi::^3 7.>5r-> h J: U '^j; K tC?±A bf-. 

Z0^-JbK=£: 3 Or/)^e) 1 2 O'C^X^^ itM-Ui^ . 

1 OB^r^rm-^&'rrof-. S^3if(^T'^. ?^^ti?^inb. 
1iSI$:^-^UK/>'>6^tjaibf^» ^#^>tA.fc^^Si^ 12 0 

ti *J <Z) V N U > XT' o f:; = 'ft ^ U > X<^1^1±&u: 

5:^ 1 Vw^Tx b f- . 

[0 0 8 5] ^Jlgl^illO 
50 it^m ( a ) t bT^b^^ (A) 1 0 0 g . it^^ 
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(c) tLXit^^ (J) 10. Og. N. N-iy>^ 

^^ii^p^ilx^Ji: tr ry^^TTv-ys 8 3j mm 

it^^ ih) t LXit^^ (H) 13. Gs^m 

^, 3 ^ my ^mm^y^ji^^-^^tmm'ik^ ^^y^^^ 

[0086] ^ss^ 1 1 

\t^^ (a) i:bT^t^1^5 (A) lOOg, it'^'fel 

(c) i:bT^b^4^ (J) 10. Og. N. N--x>5^ 
;b>'i7 i > 2 0 0 m g $:-t-5>t:?:^'&bfcCD 

"t,, ^•y^;i/^>'>-^p^>r Ki omg, iHtmMmt 

br 1 - n - "7' h v - 2 - ^-'D tf;bU ^^2 0 0m 
g, ^3^^'55iiX^Ji:bT r>-S^^v--:/5 a 3j 
I^P^p:^:^) 4 0 0mg^?g^brz» t^f- ' 

^t^^t^ (b) hi.X\t^^ (D) 5. Ig^rVfT 
b^j:Z)'^P,Jq7LMfr^, teTT'O. 4 0#r^SSif^b/c'#, 

Ki::^3A>r :y vj^c^fi£iy^-;bKti-/iAbfc. dO) 
^-;i/K^3 0r7i^e,l 2 0"C^-T:^^>tt^#-i^b, 10 

^^r-^UKi^^^StUaibfcc '{f^ttfcl^Si^: 1 2 Orv. 
T 2 B#f^ T 7 - ->>b b f- = 'f# ^ ri^- U > tj 

14f^lfelS^SLO=^fe*gm$:^l tC^bfc. 

[0 0 8 7] ^Sgf^iJ 1 2 
\t^^ (a) ilbTlt-^^ (A) lOOg, 

(c) i: bTib-^^fe (J) 10. 0 g, N, N-'V'^^ 
;U'>^ n^^i/;u7 i v 2 0 Om g ^+^11^^-^ bfcO) 
'>*y^;i/^>v''i'n5-< Kl Omg, f^^^^^pjh 
bTl-n-:7>^'>-2-7*'n ti iU ij 2 O 0 m 
g, ^^^P>aMtbT rA^7j-v-7'5 8 3J (i^IP] 
^p^nM) 4 0 0mg^-/g^bfc. 
m--^ it^^ (b) tbT^t-^l^ (E) 5. G^-kmT 
\.Uiy^h%\^yLmW^. i^STTO. 4B^r^gav^bf-'^. 

K he); U'j^'£>fiSt^^-;i>KCviAbfc. 

^-;l/K$: 3 o'"c;:)v(i 1 2 o-c^-ctS^^c^tab, 10 

5:^-;UK7!)^e>^Uaibf^= 'ife^^f^l^SiS: 1 2 0"CtC 
T 2 8^r^ 7 n - ;u b » %htxt^vyX XWi u 
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[008 8] mmm 1 3 

^t-^l^ (a) iibTfh-^l^ (A) lOOg, ft^4^ 
(c) iibT^t-^^^ (J) 10. Og, N, N->>":jt^ 
a^^i/;i/7 i >2 0 0 m g $:+^lC-/g^bfr<^ 
-fc,, ^✓y^;i/5^Vi/i7D^-< Kl Omg, F^gpfl^^ji: 
bT 1 - n - :7>af i/- 2 - ^D t:;i/'J >^2 0 Om 
g, ^^^p^ilx^jtbT ryS>r^v-:7'5 8 3J C^IB] 

liattM) 4 0 OmgSrig-^bfc. ?t^¥$ nf- :i 

fh^l^ (b) hbTjb-^1^ (F) 5. 2g$:yiST 

Ki::^'x>r-^ hi; y/^5>^^^:-;uKtw;aAbfc» 
^-;i/K$:3 0'X:A^til 2 0'"C*T'|^'<rlc^tab. 10 

$:^-;i/KA^^>^t)aib/i» 'fi'i.^i^c^SI&l 2 0-CH 
X 2 B#r^T'7 - -;U b fc. ^# ^ Jtfc U > Xli3g0^T'?S U 
CD?^j:vM/>XT-fe-pf-e ^#^)^fcU>X(^!H5llS.t;^®il 

'^umm^^iy^-^^^m ^ a i n ^ b , 

10 0 8 9] ^JSI^iJ 1 4 
20 It-^l^ (a) ilbTft-^I^S (A) lOOg, -ft^l^ 

Cc) iibT^b^it^ (J) 10. Og, N, N-i>-^^ 
)\jiy 0 U^^iy }\^T i V 2 0 Om g Sr + ^tl^-^ b O 

^^^p^Hx^Jii br rys^:ty-X5 8 3j (^(01 

^p^pM) 4oomg^-jg^bfc= mn^t\'t^^(r>'^'^ 
fb^i^ (b) hbx^b^i^ (G) 6. 5 z^'my 
\.fsiii-^i)^7^mw^, m}£Txo. 4B#r^ajiv^uf-^, 

^-;uK$:3 0°C;iMil 2 0°C^Ti?5^C#tab, 10 

5:^-^UK7i^ej^yaib/i. 'iftbtbfe^iSiS: 1 2 0-01^ 
T 2 B^r^-C T - b f- c t# tvf- b > Xtii^0^T'?§ tj 

uyfs.\,^\>:>XX^-:^r-. ^#e>^xfc u vXt^l^'ti^.u^^lS 

[0090] 1 5 

^t^l^ ( a ) ii bT^b-^l^ (A) 1 0 0 g , ^t^'^ 
(c) ilbX^b-^^^ (J) 10. Og, N, N-'>'>t$^ 
n^^'>;i/7 i :> 2 0 Om g $:+5>tC?g-^ bf-© 
^^^M^PJiibT r/<<?)-v-y5 8 3j (±^[P1 
40 ^p^ntt:^) 4 0 0mg$:j^'^bf-. M#5nf-:i<^)/g'^ 
Wi^^ -fb'&l^ (b) tbT^b-^l^ (H) 6. 8g$:rigT 
b?^j:A^e>Sn7LMrm- ?^£TT0. 4B^f^gJimbf^^, 
^ f^mVymm%y^ }\^9-\ZXmM^^ J^T^A^-^U 
K t :^'A>r'>p h J: U'^jr^^^S^^-^UKCaAbf-. :i(D 
^-yi/K$: 3 CCAvt^ 1 2 0°C^T'^Si^H^tab. 1 0 

^^-;UK/i^^5tUaibr-. ^#e^f::^Bl^ 1 2 ore 

r 2 B^r^ T T - - ;u b o ^# ^ u V X(±igBi§ -e^s u 

<0=^^l>U>XT'fe^f-. VXCOtl-ftat/^^ 
50 it^i^if5m^U=^^^^$:^ltC:5^bf-, 
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[009 1] itm^l 1 
it^^ (a) ti.Xit^^ (A) lOOgHjt^^ 
(b) , it^^ (c) $:^^-tt-r, ii^^bSij^ilbTN, 

J: y ^j:'2)^^J^-;i/Ki::?±ALfc„ K 5: 3 0 

1 2 0r*T'i^4'tC#^L, l ZB^r^Tfi-^&^l 

[0 0 9 2] itmm2 

it-^m (a) t^Xit^m (B) 100gtCit^4^ 
(b) . it^^ (c) ^*g^-ti:T\ ?I^tAi^i: bTN, 

f^ik, m}±rxo. 4B#r^a^i^gufc^, SAim:?^/^^ 

=t y/i:-6fia§^^-;uKi:/±AL:^-c w0^-;bK$: 3 0 
'Ct)^ihl ZO'CtX-Wi^K^UL, 120#F^-em^&^ 

S^UiBUfc. tftitt-A-^iaS: 1 2 O-CCr 20^r^r7- 

u . u > Xitm^^xi^ i)(ntsL\>yyy xx 

^fe,f^m^^2t:^Lrc. 

[0 0 9 3] i^mm 3 
<t-^^ (a) t\uXit^^ (C) lOOgtC^t-^l^ 

(b) , >ft^^ (c) ^m-^-^-r, mitmmti^x^, 
i^m, Mj±Txo. 4(I^r^5^^^^L7^c^, 3/im7->^^ 

cfc U'^jt^J^fegy^-^i^KciiALf^^ ::co^->/uK^ 3 0 

T:;:)^e, 1 2 CCSTrf^-fr H#?aL, 1 2B^r^-ra-^$ri'T 

^Uffib^-. m^^tif-mm^ I 2 0-CtCT2e#r^T7- 
- ;i/ L f- . 6 ti. y X ti^H^ -Cf§ (7) (. ^ u > Xt: 
'^^nfcbvX^l^ll&U^^im^St^Sm&U^ 

[0 0 9 4] jtmu 

it^^ (a) tLXit^m (A) lOOgtZ-fb^^^ 
(b) ti/g-^itf, it^^ (c) hUT^b^^i^ (1)1 
0. Og&ig^L, ^ifb^^iiUTN, N-i>'>^;i/'> 
^ □^=^iy;i/7^ >0. 2E&jD^rj^#^, m}±Tx 
0. 4D#f^flft^^LA-^, 3 >':y-^^J5|7^';t/^'-t: 

-;L/KtC^£Abfc» c:£7)^->UK$: 3 0*'C;t>^e. 1 2 0"C 

^^^n?^ipb, ^J3i^^-;i/K;!)>e)^u£iibAzo ^§ 
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^T-fcUVXii^lB^TfSUtiD^ii^UvX-C^ra Ac» t#ett 
U > XfiDl^14&u:®!ei4^^i^m&0^??^feiiSSm fe^ 2 

ic5^b/c» 

[009 5] Jt^t?0 5 
it^^ ia) t bTft^it^ (A) 1 0 0 g iZit-^^ 

(b) l±?g^-ti:-r\ <t-&^ (c) tLXit^^ (J) 1 

0. 0g$:-^^b, mimmtLxn, N-i/^^^;U'> 

i7nv^^i>;UT5 >0. 2 g &^lDJ^"CgE#^, J^ffiTT' 

0. 4^rM^^LfzWi. 3 Mm^y^^j3l^>r;u3'-tc 

— >fl/Kt^7iAbf^o dffi^-il/KS: 3 0''C;i>^ 1 2 O^C 
^XWi^iZ^Ul.. 1 2B#r^T'm^5r'fTo^Co m^^'^T 
^. ^^tc?^iPb. ^J5g$:^-;i/K?b^^®iUiBbAc» ^§ 
e>^fc=^jgi& 1 2 O-CUr 2B#r^r'7--/l/L.;t. 
tif-U>Xtij^B^r'fi*J<D?'j:(.^ UvXT'fe^ f-. 
f- b > X Wi^14^SJ|^fa^&l>^fe)^^ ^ 2 

CyJ^bfCo 

[0 0 9 6] itiiff!i6 
<t-^#I (a) i:br<b-^#I (A) lOOgCfb^^ 
20 (b) ll^-^it-r. it^^ (c) tbTib^l^ (M) 1 

0. Og^?g-^b, miMi^ti.xis5, N-^'>^;i/>' 
n^^i/vi/yi >0. 2 s^i)wxxmwm. m&TX 

0. 4D#r^E?&Lf-^, 3 A^m7-;/^^jg|:7^>'^^-tl 

-;i/Ktc-/£Abf-c :::0^-;uK& 3 O'c^^^^^ i 2 or 
sT-^^tc^iSb, 1 2H#r^r'S^&^7^fc» m^mr 

Wi, ^^tc?frif]b, =^l9|$:^-;U'K7i^'iSit),4ibA-» ?# 
e^if-^atfliS: 1 2 0"ctcr 20#r^ry^-;i>b/i„ 

^vfc^yXlt^^0^-r:^itJ©''^v^U>X-C^of-o 

[00 9 7] itmm 1 

w.^^ (a) hbr^b^i^ (A) 1 0 0 g tw^ffc-^i^ 

(b) \Vm,^'±^, Kc^^ (c) i:bT^b^1^ (O) 1 

0. og^^^b, mtfmt,\.x^. N-iz-^^yi/i/ 

ou--^^y)\^y^:^o. 2 g^M^^xm^Wi, m&TX 

0. 4G^mik^lytz<k. S f^my-ymMuy-CJi^^-^Z 

-yi/KicjiAbfcc zo)^-jv]^k3 o'Cfj^h 1 2 or 

40 S-e^^tC^^gU. 1 2B#r^TS-^S:^5orz» M^I4T 

^-frtc^^iPb. ^fii$:^-;i/MA^e)^tidibAc= t# 

^>^-fc1iSB$: 1 2 orcT 2B$r^T'7--;i/Ufc. ^#6 

1/ > XCD^^'fiSJ;:®^i4^l^^#Sm&o:^^iiig^ 2 
C/TvbAc. 
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